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Art. I. — On the Prodiicts of the Explosion of Acetylene; 

by W. G. MiXTER. 

[Contributions from the Sheffield Laboratory of Yale Uoivereity.] 

The study of the explosion of acetylene has been continued 
in order to obtain facts for or against the hypothesis advanced 
by the writer,* that a sufficient frequency of molecular impacts 
is requisite to secure spread of explosive change throughout 
a gas. For this purpose experiments were made j 

with acetylene at high temperatures in tubes such 
as shown in fig. 1, in whicn the part c is about 
20°" long and 11 to 15°" internal diameter. 
The tubes were filled at common temperature 
and atmospheric pressure by displacing the air 
with a current of ary acetylene, mercury serving 
as a trap in the bends a and h. Before sealing, 
the acetylene was blown out of the open ends, 
as the carbon separating from the gas when 
heated interferes with closing the tube. The 
mercury in h was shaken into a and the appara- 
tus was hung in a Victor Meyer furnace so as 
to heat all of it below a. A standard ther- 
mometer was also hung in the furnace with its 
bulb near the middle of c. The reading of the 
thermometer was not corrected for the thread 
of mercury out of the furnace, as it accorded 
fairly with the temperature given by an air ther- 
mometer. The temperatures stated are very 
likely subject to a constant error of several 
dto-ees, but the differences in temperature are 
sufficiently accurate for the work. When the 
temperature was constant for some minutes 
strong sparks were passed for an instant between 

♦This Journal, vii, 323, 1899. 
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2 V /ISitxUr^-^i^od^cts of the Explo3ion of Acetylene, 

the electrodes. The flash at the time of the puflE or explosion 
was reflected from the upper part of d and the increased pres- 
sure was indicated by the change in the position of the mer- 
cury in a. In no instance was the explosion violent, nor did 
the decomposition of the acetylene extend into the narrow 
tubes. The hydrogen remaining after absorbing acetylene 
with ammoniacal cuprous chloride was the measure of the 
acetylene decomposed. The difference between the volume 
of acetylene taken and the volume of the gas after explosion 
was considered as the measure of the acetylene which had been 
converted into condensation products. The results are given 
in parts of 100 volumes of the gas taken. 







Temperature 


Acetylene 




Acetylene in 
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Diameter 


before 


decom- 


Acetylene 


residual 


Exp. 


of tube. 
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gas. 
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326'' 
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325° 
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330° 
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335° 
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350° 
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50 
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347° 


61 


17 


22 


14 


C( 


447° 


50 


20 


80 


15 


(( 


478° 


10? 


40 


50 



At the highest temperatures given in the above table acety- 
lene forms condensation products, but too slowly to interfere 
with the results. When the gas was heated for an hour and a 
half to the highest temperature attainable by the furnace, 
probably about 500°, a black coating formed on the platinum 
wires in the tube and a starry deposit on the glass, and the gas 
remaining was two-thirds the original volume. The tempera- 
tures in the last three tests were obtained with an air thermom- 
eter.* In Experiment 15 there was no explosion ; perhaps the 

* The air thermometer was made about the same capacity and out of the same 
piece of glass tubing as the apparatus holding the acetylene. Its capacity in grams 
of water was found and then it was filled with dry air, fastened to the acetylene 
tube and both tubes wore hung in the furnace. Just before sparks were passed 
through the acetylene the air thermometer was sealed. When cold it was opened 
under water of known temperature, closed again, wiped dry and weighed. The 
data for finding the temperature wore the volume and temperature of the air in 
the tube before and after heating. The temperature of 347** obtained in 13 
accorded fairly well with that given by the mercurial thermometer hung in the 
furnace with the air thermometer. 
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spark did not pass in the gas. It is probable, however, that 
sparking cansed a change consisting chiefly of polymerization. 
The appearance of the tubes after explosion suggested that 
falling and glowing carbon effected part of the change. In 
order to get evidence of this and also to observe the glow, 
experiments were made in a tube with stop-cocks at its ends 
having a diameter of 15""°* and a capacity of 80*^*^. 1 am 
indebted to Dr. Boltwood for his kindness and skill in 
making this tube. It was filled with dry acetylene at a pres- 
sure of about 2'3 atmospheres, and was placed upright with the 
electrodes at the lower end. Experiments 16, 17 and 18 gave 
^, 14 and 10 per cent respectively of acetylene in the gas 
remaining after the explosion. In each case a glow filling 3 
or 4*^™ in length of the tube passed slowly to the top. 

Since acetylene was found in the gas after explosion in all 
of the foregoing experiments, it seemed best to make more 
tests of the gas when under pressure. For this purpose the 
next series or experiments were made in the U-tubes shown 
in figs. 2, 3, 4 and 5. 






No. 2 had an internal diameter of 10"°* and was filled with 
about 15*^ of dry acetylene; 3 a diameter of 11™°* and 30^^ of 

fas; 4 was a graduated eudiometer 17""* in diameter and was 
lied with 60 to 80*^° of gas. No. 5 was also graduated and was 



4: Mixter — ProducU of the Explosion of Acetylene. 

20™™ in diameter. It differed from the others in having the 
ends of the electrodes almost touching the upper inner surface 
of the glass. The experiments were made at the, temperature 
of the room. The results are in volumes per hundred of gas 
taken. 

Acetylene 
No. of Diain. Acetylene Acetylene in residual 

Exp. U-tube. Pressure. decomposed, condensed; gas. 

10 17"™ 2-6 atmos. 47*2 6-2 46-6 

20 10">™ 3- •' 50- 10- 40- 

21 10"™ 3- " 79- 5- 16- 

22 11™™ 3- " 74- 13- 13- 

23 17™™ 3- ** 5-8 

24 11™™ 3- " 60- 10- 30- 
26 17™™ 3- " 40- 5- 55- 

26 10™™ 3- " 6.25 

27 20™™ 3- " 76-2 19* 4*8 

28 20™™ 3- " 74-3 192 6*5 

In 19, 21, 22 and 23 the explosion was prompt and violent, 
while in 24 and 25 it was slow. The character of the explos- 
ion in No. 20 was not noted. The volume of the exploding 
gas in No. 23 increased three-fold. Fearing an accident, I un- 
fortunately did not view Nos. 27 and 28, in wliich the decomposi- 
tion was. not of an explosive character, for in 27 the volume of 
the gas was increased only 1/5 by the heat. Moreover, in 
these cases there was no dull tnump, as there was when the gas 
was exploded in the other eudiometers. In both 27 and 28, 
where the gas was subjected to sparks at the surface of the glass 
in the upper end of the eudiometer, the carbon was deposited on 
the sides of the tube in brilliant black rings shading into dull 
black, showing that there was a peculiar wave motion in the 
decomposition. These rings were about 2*^™ from center to 
center, or about the diameter of the tube. 

It has commonly been considered that acetylene, when 
exploded, separates completely into carbon and hydrogen. 
Berthellot and Vieille* state in substance that when exploded 
under pressure it is decomposed into carbon and hydrogen gas 
having the volume of the acetylene taken, and Berthellot and 
Chatelier,t in their paper on the velocity of explosion of 
acetylene, discuss the phenomenon on the assumption that the 

Eroducts of the explosion are solid carbon and gaseous hydrogen, 
doubtless these constituted most of the product at the high 
pressures, 5 to 30 atmospheres, they used. My experiments thus 
far given show conclusively that acetylene is not completely 
decomposed when exploded at 3 atmospheres in glass tubes 20™™ 
in diameter or narrower. Experiments were next conducted in a 

* Gomptes Rendus, czxiii, 523. f Comptes Rendus, cxxix, 427. 
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rough bomb made of steam fittings. About 6 per cent of 
acetylene was found in the gas remaining after an explosion 
under a pressure of 3 atmospheres. The apparatus was unsatis- 
factory, as it had three small metal tubes in which perhaps the 
acetylene was under the same conditions as it was in the glass 
eudiometers. To avoid these objections, another bomb, fig. 6, 
was made from two cylinders such as are used to hold liquid ni- 
trons oxide. It is essentially an iron cylinder T'S'^in diameter, 
having a capacity of one liter. All of the metallic surface of 




the inside was smooth and bright. The part a was fastened 
permanently in the coupling and the part b was connected by 
a screw made gas-tight with wax which did not reach the inner 
ends of a and b. These ends fitted closely. The electrodes ee 
were in the middle of the bomb, one was insulated and the 
other was connected with the metal of the bomb. It was 
filled by means of a pump with acetylene from a gas 
holder. The gas was dried by passing it through a cylinder 
tilled with a kilo of small stick potash. After the air had been 
displaced the manometer was connected at c and the gas was 
slowly pumped in until the pressure was in excess of that 
desired. Then lOO*^"^ of the gas from the bomb were passed 
into a eudiometer and treated with ammoniacal cuprous chloride 
to determine its purity. The manometer was disconnected 
before exploding, since it was shattered by the first explosion 
in the smaller bomb. The explosion was effected by sparks 
from a coil giving a 4*^"* spark in air. To ensure brief spark- 
ing the primary circuit was closed for an instant only. 
The explosion was noiseless, but the result was evident from 
the increased temperature of the bomb. 

Experiment 29,— Gc2i^^ 99 per cent of acetylene ; pressure, 3 
atmospheres. Two determinations of acetylene gave 4 and 4*1 
percent. The carbon was quite bulky, filling about half of 
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the bomb, and adlienng ratber firmlj to the metal. A faint 
odor of hydrocyanic acid wae perceived on opening thi; bombf 
but no satisfactory reaction waa obtained for it. The wooden 
insulator was eiightlj browned. It is not probable that any 
acetylene was formed from the wood, as it yields, when heated, 
chiefly hydrogen and methane. 

Experiment SO. — Gas, 96 per cent of acetylene; pressure, S 
atmospheres ; 4*1 per cent of acetylene was found in the gas 
after tlie explosion. The odor of hydrocyanic acid wae strong. 
The residual gas was passed throngh a sohition of potassinm 
hydroxide free from cyanide. To a portion of the solution 
ferrous-ferric sulphate was added, and the mixture was warmed 
and then cooled. On adding to it an excess of hydrochloric 
acid an abundant precipitate of Prussian blue formed. If the 
gas contained cyanogen, this would have formed with potas- 
sium hydroxide, cyanide and cyanatc. The latter is converted 
into an ammonium salt on adding an acid. A test did not 
yield any ammonia, but the negative result is not in this one 
test to be regarded as proof of the absence of cyanogen. 

In the explosions in the Utubcs the gas expanded, often to 
twice or thrice the original volume, thus allowing the products 
, of the explosion to cool more rapidly than when 

the volnme is not changed at the instant of the 
explosion. In order to imitate to some extent 
the conditions in tlie explosions in the D-tnbes, 
the plug of the bomb was replaced by the check 
valve, fig. 7. This waa designed to close the 
opening after the gas ceased to escape and thus 
prevent air from entering the bomb. It was 
also sealed promptly with wax. A small ptati- 
nnm wire for an electrode was fastened in the 
opening a with a bit of pyroxylene and a few 
milligrams of beeswax was melted into it. The 
4""° hole in the last experiment was too large to 
close in this way, hence it was plugged with a 
bit of glass tubing holding the electrode. No 
wax was exposed to the gases in the bomb. The 
glass broke promptly when the explosion oc- 
curred. In Experiments 31 and 32 an insulator 
made of glazed clay pipe stem was used. It was 
cracked by two explosions so that it ceased to 
insulate. In the remaining experiments glass 
' insulators made of heavy barometer tuhing were 

The portion of the glass in the bomb was cracked as if 
" when hot into water. 
riment :il. — Gas, 99 per cent of acetylene; pressure, % 
atmospheres ; hole, l-l""" in diameter. Gas and carbon escaped 




dipj 
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for perhaps three to five seconds and burned with a luminous 
but smokeless flame. Two estimations of acetylene in the 
residual gas gave respectively 5*2 and 5*4 per cent. 

Experiments 32 and 33, — These were made as nearly as 
possible under the same conditions as 31. The residual gas in 
1^2 yielded ^'^ and 7 per cent of acetylene, and that in 33 4 
per cent of acetylene. 

Experiment 3j^, — Gas, 98 per cent of acetylene ; pressure 
3 atmospheres ; hole 2*1'""' in diameter. Tlie residual gas 
yielded 5*7 and 5*5 per cent of acetylene. 

Experiment 35. — Pressure 3 atmospheres ; hole 4°*" in diam- 
eter. Each of two estimations of acetylene in residual gas 
^ave 4*2 per cent. 

Berthellot and Vieille* found in their experiments that the 
pressure in an explosion is about eleven times the initial pres- 
sure, corresponding fairly with the pressure of the gas at tlie 
calculated temperature of 2790° C. In the explosion in the 
bomb above described, the temperature was very high, as 
platinum wire was repeatedly melted and made brittle. But 
\ wire in contact with the pipe-stem insulator was not melted. 
The shattering of the glass insulators was undoubtedly due to 
:he intense heat, for in no instance was a glass eudiometer 
tracked, the quantity of heat not being suflBcient to affect the 
'lass. Berthellot and Chatalierf found the velocity of explo- 
don in narrow tubes at pressures from 5 to 30 atmospheres to 
36 1000 to 1600 meters per second. In my experiments at 3 
itmospheres in glass tubes the velocity was low in some cases. 

The experiments 1 to 15 were made with an equal number of 
nolecules in a unit of space. At 325° the decomposition did 
lot extend throughout the gas, although here the energy of 
:he system was greater than that containing twice as many 
nolecules at 0° in the same space — a condition in which decom- 
x)sition will propagate itself. In the cool and denser gas the 
nolecular impacts are more frequent than in the hot gas. At 
emperatures above 325° the decomposition was self propagat- 
ng. Here we have impacts of sufficient frequency to cause 
jxplosion. It is highly probable that acetylene at 400° and 
itmospheric pressure will not explode. The results at high 
emperatures present the striking fact that the amount of 
icetylene decomposed, or rather the hydrogen remaining, is 
'airly constant in a range of 100°, that is, from 350° to 450°. 
The products at high temperatures and in the U-tube tests were 
jssentially alike, consisting of carbon and hydrogen, condensation 
)roducts and acetylene. The wave-like character observed in 
!7 and 28, suggests that the marked variation in the results ob- 

♦ Loc. cit. t I^oc- cit. 
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tained in TJ-tubee was due to differences in the way the sparks 
started the decomposition. The acetylene in the residual ^as in 
the experiments in the tubes when the explosions were violent 
was either a portion that escaped decomposition because of the 
cooling at the sides of the tubes, or it was formed from carbon 
and hydrogen at high temperatures. The experiments with 
the bomb were more satisfactory as regards uniformity of 
results than those made in the smaller pieces of apparatus. 
The escape of gas at the time of an explosion in the bomb did 
not increase the amount of acetylene left. Perhaps the expan- 
sion was not suflSciently rapid. The presence of acetylene to the 
extent of 4 to 6 per cent m the gaseous product of explosions 
in the bomb must be regarded either as a part of the original 
gas which escaped decomposition, or it was acetylene formed 
synthetically. It hardly seems probable that any gas at the 
time of the explosion remained below the temperature requi- 
site for decomposition when the mean temperature was far 
higher and at the surface of a glass insulator was sufficient to 
crack it ; moreover, the carbon separated remains incandescent 
for a perceptible time and must effect decomposition. It would 
seem then that the acetylene in the residual gas is not part of 
the original gas but is formed from carbon and hydrogen 
after the explosion when the carbon is either in the gaseous 
state or exists in molecules containing but few atoms and capa- 
ble of uniting with the hydrogen. This view is supported by 
the fact that acetylene is formed in the voltaic arc. The proof 
given of the formation of an endothermic compound of nitro- 
gen and carbon, not originally in the apparatus, also affords a 
strong support to this view of the production of acetylene by 
synthesis. 

It is the intention of the writer to continue* the work with 
acetylene under different pressures than three atmospheres, 
and to make experiments with mixtures of acetylene and 
nitrogen. 
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Akt. II. — Note on the Glaciaiion of Central Idaho; by 

George H. Stone. 

Centbal Idaho is rugged and mountainous, a succession of 
dark green and blue forested ranges. The rocks are mostly 
granites, schists, and quartzites, which in different regions vary 
greatly in capacity to withstand weathering and erosion. The 
larger streams flow in deep, cafion-like valleys, which broaden 
into plains in places where the rocks are easily disintegrated. 
Several of the principal watersheds consist of rolling plateaus 
but little dissected by erosion. They appear to be remains of 
what was once a large plain-like plateau and have an elevation 
of 7,000 to 8,000 feet above the sea. Approaching the larger 
rivers, wetind the slopes becoming steeper and the whole coun- 
try deeply dissected and accentuated by erosion, until we reach 
the principal rivers, the Snake and the Salmon, flowing in 
valleys of erosion 6,000 or more feet in depth. A few ranges 
appear to have been raised above the adjacent parts and are 
mountains of upheaval. During glacial time the relief forms 
of the land were substantially the same as at present. All of 
the large ranges and many of the peaks now having an eleva- 
tion of about 6,000 feet shows signs of extinct glaciers. The 
geographical position of Idaho with respect both to the Pacific 
Ocean and the vast Canadian ar^as of extreme winter cold, is 
favorable to a large snowfall, both now and at all times since 
the rise of the continent above the ocean. The following per- 
sonal observations were made by the writer during a recent 
reconnoissance. 

The mountain ranges that form the watersheds between the 

Boise, Payette, and Salmon rivers formed the gathering ground 

of numerous local glaciers. Those which flowed south and 

west down the valleys of the Boise and the Payette ended at 

not far from 5,000 feet elevation. Those flowing north and 

east down the valleys of the South and Middle Forks of the 

Salmon reached a somewhat lower elevation, but none of them 

reached so low an altitude as the main Salmon river, which in 

tills part of its course has an elevation of less than 1,000 feet. 

From the east and west divide between the Salmon and the 

Clearwater, local glaciers flowed south into the gorge of the 

Salmon, but none appear to have reached that river. From 

this same divide glaciers flowed north to the South Fork of the 

Clearwater. The broad valleys of both the South and Middle 

Forks of the Clearwater were covered by valley glaciers, i. e., 

'he local glaciers that originated in the Bitter Root range and 

the higher ranges that form the rims of these basins united to 
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form a confluent ice slieet in each valley. The ice covered all 
the lower hills in the central parts of each draina^ basin and 
flowed westward up and over these hills, and finally narrowed 
into the deep caflons which form the channels of the South 
and Middle Forks at and below 3,500 feet elevation. The 
great ice sheet which at one time covered British Columbia 
east of the Cascade range, and which had a southward flow 
during the time of deepest ice, did not reach so far south as 
the Clearwater valley. The valley ice sheets of the South and 
Middle Forks of the Clearwater closely correspond to what 
Russell has termed the Piedmont type of glaciers. 

The signs of glaciation in all the region in question are dis- 
tinct and unmistakable. Morainal ridges and terraces are com- 
mon in the higher valleys, but in general the ice appears to 
have retreated at so uniform a rate as to leave most of the 
morainal matter in the form of a diffused sheet. There are 
numerous lakes held in by morainal dams, as the Lower 
Payette Lake and Trout Lake on Lake Creek, a few miles 
southeast from Buffalo Hump. Only in few regions do the 
rocks withstand weathering so as to preserve the glacial 
scratches. At Buffalo Hump the granites, schists, and quartz- 
ites equal or surpass the best Maine and New Hampshire gran- 
ite in capacity to withstand the elements, and the rock is 
beautifully smoothed and scored to within about thirty feet 
below the summit of the Hump. The glaciated stones are in 
general so smooth and rounded at the angles that they have 
often been mistaken for water-rolled stones, distinct scratches 
being rare. In the regions where the granite and schists 
weather readily, the morainal matter consists of smoothed stones 
of quartzite or other resistant rocks, scattered through angular 
sand and gravel resulting from the disintegration of the frag- 
ments of granite and schists. In many cases the glaciated 
stones are remarkably round and smooth almost to the tops of 
ridges from which the ice flowed in opposite directions, as on 
Buffalo Hump and on the much dissected ridge dividing Boise 
Basin from the valley of the South Fork of the Payette. 
Much, perhaps most of the morainal matter was sub-glacial, 
which accounts for the great attrition it received. 

The water-transported deposits of the glaciers of this region 
were mostly *'overwash," i. e., were sediments poured out of 
ice channels into open ground beyond the front of the ice. 
These are sometimes plain-like, as at Warren Meadows; at other 
times they take the form of terraces in the narrow valleys. 
The overwashed gravels have often been regarded as lake beds, 
especially when they expand into broad plains. Not seldom 
sediments were deposited in the beds of streams and lakes 
between the margin of the ice and adjacent hills. The Payette 
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formation of Lindgren's map of Boise Basin is, at Placerville 
at least, of glacial age and glacial origin. 

A short distance south of Elk City os a series of glacial 
gravels deserving special study. A gravel plain one-eighth of 
a mile to about a fourth of a mile in breadth, and in places 
eighty feet deep, leaves the valley of Red Horse river, and 
extends seven miles westward, first going obliquely over hills 
more than 100 feet high ; then for two miles is on the top of 
the hills immediately adjoining the American river on the 
south ; then crosses that stream obliquely, ascends a hill; then 
crosses the valley of Elk Creek nearly at right angles and 
ascends another hill to Buffalo Hill placer. The American 
Hill placer is part of this gravel system. I did not follow the 
course of this interesting gravel system east or west of the 
points named, but it probably can be traced for miles in both 
directions. The direction of transportation was westward. 
Above the point where this gravel system crosses the American 
river, the gravel of that stream is much less worn and rounded 
than below that point. The materials of this gravel plain are 
very round and smoothed gravel, cobbles, bowlderets and even 
some bowlders, and they have afforded millions in gold. On 
the hills between Red Horse and American rivers the placer 
miners have washed away the overlying gravel. The rock 
beneath the gravel is very much smoothed and polished, 
but is very uneven, containing many rounded depressions, 
bowls and pot holes up to five leet in depth. Evidently here 
was a broad river that flowed up and over hills and valleys. 
That it disregarded the surface forms of the land proves that 
it was enclosed between walls of ice. The stratification is not 
arched in cross section like that of the osar proper, but is hori- 
zontal, like the deposit I have elsewhere described as the osar 
plains of Maine. 

An interesting feature of this gravel system is the fact that 
it contains multitudes of fragments of cedar wood, mostly at 
certain horizons at considerable height above the bottom oi the 
gravel. Some of these pieces retain their original state and 
will burn after being dried ; others have been changed into an 
imperfect lignite, wliile the greater number have been partly 
or wholly silicified. The growth rings prove they were mostly 
derived from trees of considerable size. I saw no pieces of a 
whole trunk; all had been split and broken across into pieces 
of all sizes up to twelve inches in thickness and up to eight 

feet in length. All the pieces have been smoothed at the sides 

and well rounded at the ends and angles. 
The facts prove that here was once a river of water flowing 

through a stagnant glacier that had become covered with a 

forest growth like many of the Alaskan glaciers to-day. No 
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matter whether the glacial river flowed in a sub glacial, or 
englacial, or in a superficial channel daring the time of rapid 
flow of tlie ice, it raust have flowed in an open ice cafion dur- 
ing the period of stagnation. Into this cafion trees that were 
growing on the glacier fell as they were undermined by the 
melting of the ice walls of the channel. The fact that the 
trunks were broken into so small fragments indicates more 
force than is usual in the case of ordinary stream channels. 
Probably the motion of the ice helped to break up the trees, 
assisted by. ice and timber dams or gorges. 

The occurrence of wood in the esker gravels of Idaho sug- 
gests a comparison of that region with New England. 

In New England there were many level regions, especially 
in Maine to the north of east-and-west ranges of hills, where 
the ice would naturally become stagnant during the final melt- 
ing and retreat of the great ice sheet. The Idaho facts suggest 
that if vegetation crowded close on the front of the New Eng- 
land ice sheet, the stagnant ice ought there to become forested 
as in Idaho. In this case we ought to find pieces of wood in 
the broad osar plains of Maine and in such portions of the 
valley drift as were glacial overwash. No wood or other land 
organic rqmains have yet been found in these deposits in 
Maine, though Emerson has found in the Connecticut valley 
vegetable remains in sediments of glacial age. The absence of 
wood from the eskers and valley drift of all of northern and 
northeastern New England can fairly be urged as proving that 
forests did not press closely on the front of the i*etreating ice 
sheet in that region. This is supported by another considera- 
tion, viz., that at the time of maximum glaciation the ice con- 
fronted the sea along the whole New England coast. When 
the ice retreated, vegetation would have to advance a long way 
eastward as well as northward in order to reach Maine from 
New Jersey, the nearest land then covered by vegetation, 
unless possibly we except Nova Scotia. The above considera- 
tions make it probable that the stagnant marginal portions of 
the retreating New England ice sheet did not become forested, 
at least toward the northeast. 

The large valley ice sheets or Piedmont glaciers of north- 
central Idaho formed a type intermediate in character between 
the more strictly local glaciers found farther south, and the 
great confluent ice sheet of British Columbia. 

November, 1899. 
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Art. III. — Pogonia ophioglossoidea Nntt. A morpholog- 
ical and anatomical siAidy ; by Theo. Holm. (With four 
figures.) 

The genus Pogonia is represented in the Atlantic States by 
five species, which according to Bentham and Hooker are to 
be classified in no less than three sections, viz : Eiipogonia 
{P. ophi/}glo8Soid€8 Nutt. and P, divaricata R. Br.), Triphora 
(p. pendula Lindl.) and Codonorchis {P. verticillata Nutt. 
and P. affinis Aust.). It deserves notice that these sections 
are established rather upon the vegetative than upon the floral 
characters, and Bentham and Hooker have pointed out, that 
the stem has but one leaf, one bract and one flower in Eupo- 
goniay while in Triphora there are several leaves, bracts and 
flowers ; finally in Cod&norchis the stem bears a whorl of three 
to six leaves and a single flower or seldom two as in P. affinis. 
Besides these vegetative characters the floral ones oflEer several 
important points useful to the classification of these singular 
plants, thus Nuttall and Kafinesque separated their genera 
Triphora (Nutt.), Isotria and Odonectis (Raf.) from Pogonia 

E roper, the two last being, however, identical with GodonorchiB 
rindl. It must be admitted that the general habit of these 
plants is very different, and even if no further distinctions were 
to be drawn than those recorded by Bentham and Hooker, it 
would seem very natural to consider these species as represent- 
ing three well defined genera. However if we examine the 
parts underground, we find a few additional characters, which 
are no less important to the classification of the species. 

The roots are generally described as " thick fibers," "a cluster 
of fibers" or " oblong tubers " and Willdenow described his 
Arethusa pendula as possessing a tuberous root ; this plant is 
NuttalPs Triphora pendula^ and it is, also, the " Helleborine 
mariana, flore pendulo purpureo trianthophoros " of Plukenet. 
But otherwise the systematic authors give no further details in 
regard to the root-system and no information whatever con- 
cerning the rhizome. Our species of Pogonia are all terres- 
trial and, excepting P, pendula^ possess a slender rhizome, 
which is relatively short, vertical or ascending and densely cov- 
ered with long, unicellular hairs. Underground stems with 
hairs are rare, but are known in other genera of the Orchidem^ 
for instance Listera^ Goodyera and the rootless Corallorhiza. 
In examining a rhizome of Pogonia ophioglossoides (tig. 3) we 
find it consists of five distinct internodes ( i' - i^), the uppermost 
[f] passing into a fiower-bearing stem (St.). The rhizome is 
vertical, bearing rudiments of two green leaves (L'-L") and 
two scale-like and membranaceous (/'-?), while a third scale-like 
one is still fresh and surrounds the base of the flower-bearing 
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Btera (V). Characteristic of the rhizorne ia the moDopodial 

frowtn, which ceases, however, when the flower-bearing stem 
ies away. After that time it becomes a sympodiura, as the 
axillary bud (J) will develop and continue the growth of the 
rhizome. This is, however, not the only bud, which is visible 




at the present stage, since another one, though dormant, is 
developed in the axil of the leaf L'. It is evident that this 
dormant bud would have grown ont into a branch, if the npper 
part of the rhizome might have become injured, but not other- 
wise. The same mode of growtli is, also, to be observed in 
such specimens, which are yet purely vef;etativc as the one 
drawn in fig. 2. In this the green leaf (L*) and the scale-like 
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one (P) are still fresh and the apex of the rhizome is terminated 
by a bud, surrounded by the scale-like leaf Z*. There appears 
thus to be a regular succession of green and scale like leaves, 
but the most common case is, however, that the first leaf of 
the root-shoots is scale-like instead of being a green, assimilat- 
ing one. 

In passing to describe the root-system, it may be stated at 
once, that the main propagation of our plant, P. ophioglossoides^ 
seems to take place by means of root-shoots. All the speci- 
mens which were collected by the writer in a Sphagnum- 
swamp near Washington, D. C, were developed from roots, 
and the same was, also, the case with a number of specimens 
from a similar locality in Maine, kindly furnished by Mr. M. 
L. Femald of the Gray herbarium. Harvard University. 

This is the more surprising since, so far, but very few of the 
OrchideoB are known to propagate in this manner, the only 
ones being : JSeottia Nidus avis (L), Cephalanthera ruhra (L), 
Epipaciis raierophyila (Ehrh.) and Listera cordata L., all from 
Europe; besides that we have, also, observed a similar develop- 
ment of root-shoots in Pogonia verticillata (fig. 4). It is very 
likely that similar cases may be observed in P. divaricata and 
P. affinis^ but our dried material, the only one being at hand, 
was not preserved very carefully so as to demonstrate the root- 
system. It appears as if this formation of root-shoots is con- 
fined to such genera, in which no tuberous roots occur, and in 
which no tuberous or bulbous stem-in ternodes are developed. 
We might suppose that several of the other Orchideoe really 
exhibit the same manner of propagation, but only those of 
which the root-system is similar to that of Pogonia or Neotiia ; 
it is, no doubt, a character common to the species of Listera^ 
Cephalanthera^ Epipaciis^ and perhaps also to Cypripedium^ 
at least in some oi those roots which run in a horizontal direc- 
tion close beneath the surface of the ground. Among the 
dicotyledonous orders many species propagate in this way, and 
we need only to refer to the long lists of such plants, contributed 
by Warming and Wittrock.* However, root-shoots may be 
of very diflEerent kind, and Professor Wittrock has proposed 
three categories in regard to the circumstances under which 
they may occur and in regard to their importance to the mother- 
plant : reparative, additional and necessary.f The root-shoots 

* For references consult the bibliography appended to this article. 

f Reparative root-shoots being such which develop only in cases where the 
root becomes broken away from the mother-plant, and the mother-shoot thus be- 
comes injured or killed: Taraxacum^ Centaurea Scabiosa and Banias oritntale for 
iDStance. Additional /oot-shoots develop, on the contrary, spontaneously upon 
roots of uninjured specimens hence forming a more or less important addition to 
the reproduction of the individual: the majority of plants with root-shoots Neces- 
aary are such as constitute a part of the normal, morphological development of 
oertaio plants, e. g. Pyrola unijlora, Monotrojpa Hypopitys, Cirsium arvnise, etc. 
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of our Pogonia belongs to the second of these categories, as 
thej merely serve as additional means of the vegetative propa- 

?ation of this plant.. The development of these shoots in 
^. ophioglossoides is interesting and agrees in all respects with 
the observations made by Brundin in Listera oordata L. The 
most characteristic is that the shoot develops as terminal at the 
end of a root, and that a secondary root poshes out from the 
base of the young shoot and in the same direction as the 
mother-root, as if it was a continuation of this. It is, more- 
over, to be noticed that this secondary root repeats the develop- 
ment of another shoot in exactly the same manner as the first. 
This is readily to be seen in tig. 1, where a small shoot is devel- 
oped at S, of which the first secondary root continues the 
direction of the older and bends npwards, terminated by a 
similar growing-point, in which the character of root suddenly 
becomes changed to that of a stem. That these root-shoots are 
not lateral, as it might seem from the first glance, but terminal 
•18 furthermore explained by the very distinct cross-line, shown 
on our figure, where the root-hairs cease and from where a 
stem-part ( i*) arises, while the first secondary root (r*) develops 
from this basal stem-part and grows out horizontally in the 
same direction exactly as the old root (R). The study of the 
growing-point itself shows this development still more plainly. 
The roots of P. ophioglossoides are very slender, and those we 
have described above run immediately in a horizontal direction ; 
most of the other secondary roots, on the contrary, which 
develop higher up on the shoot (/•'-?•*), in figs. 2 and 3, grow 
often from the beginning downwards, almost vertically, but 
change their course graaoally into the horizontal direction. 
None of these roots were observed to develop shoots, and their 
function is perhaps to absorb nutritive matters, and to support 
the aerial shoot. The very long, horizontal roots, afford ar» 
excellent method of distributing the new individuals to a con- 
siderable distance from each other. In regard to P, vef^ticU^ 
lata (fig. 4) the roots develop similar shoots, but these do not; 
appear to be terminal, but lateral ; our material, however, wa& 
too scant to allow any decisive opinion in this respect. 

In comparing the rhizome itself of P. ophioglossoides witl:» 
that of P, divari<:ata^ the only variation to be observed is that 
the internodes of the rhizome in the latter are relatively mucLi 
shorter, while the roots show a like external structure. A- 
similar very short, but strictly vertical root-stock is, also, to b^ 
found in P. verticillata^ which, however, differs from all tho 
others, only excepting P, ajjinis^ in having the aerial leaved 
arranged in a whorl, besides the very striking difference in tho 
floral structure. In the last species of Pogonia^ P. pendidc^^ 
we notice a rhizome of very singular structure. This specie^ 
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poesesses a tuberous, underground stem, of which, however, 
only one internode seems to be swollen, from the apex of which 
the aerial stem arises. The tuber is oblong, covered with short 
hairs, and bears only one small, scale-like leaf near the apex, 
from the axil of which a slender stolon develops and grows out 
horizontally. In the dried material of this plant, kindly fur- 
nished to the writer by Mr. Thomas H. Kearney, the stolon 
was unfortunately not completely preserved, the apex being 
broken off. We suppose, however, that the tuber develops at 
the end of the stolon in the same manner as we have observed 
in Medeola^ but the tuber of this plant is composed of several 
thickened internodes instead of but one as in P. pendula. 
The other parts of the rhizome, the basal internodes of the 
stem, are vertical, slightly hairy like the stolon and provided 
with a few secondary roots, slender and very hairy. No root- 
shoots were found in this species, and we did not expect to 
find such, since the plant is stoloniferous. As stated by Profes- 
sor Wittrock (1. c.) no stoloniferous plant has, so far, been 
observed to develop root-shoots. It seems now from these 
observations as if P. ophiogloasoides and P. divaricata are 
closely related species, that they exhibit morphological charac- 
ters that are very different from those of P, verticiUata and 
P.oMnia on the one side and from /*. pendula on the other. 

Wliile studying the anatomical structure we noticed a few 
points which may be of some interest for further studies of 
North American Orchidem, The roots in these species are 
Mycorrhizae, and the fungal hyphae were observed in the epi- 
dermis, the hypoderm and in the outer strata of the bark- 
parenchyma. The endodermis is thin-walled, but in P. veriicil- 
l<Ua there is constantly one, or very seldom even two, quite 
thick-walled endodermis-cells just outside the leptome. The 
pericambium is thin-walled and in no instance interrupted by 
the proto-hadrome vessels ; furthermore, the conjunctive tissue 
is quite thick-walled in P. vertieillata^ but not so in P. ophi- 
oghssoides and P. pendula. The rhizome contains fungal 
Vphae, which are located in the epidermis and outer bark, and 
the epidermis has developed numerous long, unicellular hairs 
of a structure like those of the roots. No stereome is repre- 
sented in the rhizome, and a thin-walled endodermis surrounds 
•* circle of mestome-bundlee, which are bicollateral, periha- 
dromatic, in P. verticiUata ; there is, furthermore, a central 
pith of thin- walled cells in P. pendula and P. ophioglossoideSy 
hut of thick-walled in P, uerticillata. The tuber of P, pendula 
has a huge bark and pith, and the very small mestome-bnndles 
*re arranged in a circle inside a very thin-walled endodermis ; 
the epidermis of the tuber contained hyphie. The aerial stem 
j of P. ophiogloasoides and P, verticiUata is hollow and pos- 

Ajc Jour. Sol — ^Fourth Series, Vol. IX, No. 49.— January, 1900. 
2 
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868868 a ring of 8tereome around the mestome-bandles, all of 
which are collateral and very regularly arranged in a circle. 
A thin-walled, broken pith occupies the inner part of the 
central-cylinder. 

In considering the leaves, these are vertical in P, ophioglo^ 
soides^ but are kept in a horizontal position in P. verticillata ; 
they are, nevertheless, almost isolateral in both species, the 
mesophyll being of a homogeneous structure throughout the 
blade ; however, the epidermis shows on the upper face in both 
species to consist of much larger cells than on the lower; 
moreover, the radial cell-walls of epidermis are straight on the 
upper, but undulate on the lower surface in P. ophioglossaidea^ 
while they are undulate on both faces in the other species. 
The stomata are restricted to the lower surface, and the 
guard-cells are very prominent in P, ophioglosaoidea^ but not 
so in the other. The mestomebundles are surrounded by a 
partly green parenchyma-sheath, and only in P.ophioglossoides 
are supported by a small, thin-walled stereome. 

In bringing these facts together there appears to exist even 
anatomical characters, by which P. verticillata^ P. ophioglos- 
soides and P.pendula may be distinguished from each other. 
And although it was the main object of this article simply to 
call attention to the presence of root-shoots in Pogonia^ we 
naturally felt obliged to examine the systematic position of 
these species, by which we noticed that not all our Pogonim 
are Pogonias in the stricter sense of the word. It would seen:* 
more natural indeed to adopt the classification proposed b^^ 
Bentham and Hooker, to separate Triphora and Godonorcht-^ 
from Pogonia proper. 

Brookland, D. C, October, 1899. 
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EXPLANATION OF FIGURES. 

FiouBB 1 . — Pogonia ophioghuoides. Rhizome showing a root-sboot developed from 
the root R, and a much younger one (S) developed from the root r* ; 
i ^ = the first internode of the root-shoot; V = the first scale-hke leaf ; 
L = the green leaf ; b — the terminal bud of the root-shoot. Natural 
size. 

Figure 2.— Same species. A similar vegetative, but older root-shoot; r*=the 
first secondary root of the shoot ; r* and r' = a pair of secondary 
roots developed from base of second internode ; r = the secondary 
root from fourth internode; P-i'*=sthe four internodes of the 
shoot ; L^ = scar with fibers left from the first green leaf ; L' = 
petiole of second green leaf; /' and ^ = scale-liko leaves. This 
shoot is developed from apex of root R. Magnified. 
Figure 3. — Same species. Flower-beariDg root-shoot. St. = base of flowering 

stem ; the other letters as above. Magnified. 
Figure 4. — Pogonia verticiUata. Vegetative shoot in its second year, developed 
on a root. St. = the stem, which at its apex bears a whorl of four 
green leaves. Natural size. 
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Art. IV. — On Graftonite^ a new Mineral from Grafton^ 
New Hampshire^ and its Intergrowth with Triphylite ; by 
S. L. Penfield. 

Material for this investigation was sent to the author for 
identification by Mr. George L. English of New York, who, 
on being informed that it was probably a new mineral, took 
special pains to secure a supply of it, and has given the follow- 
ing information concerning: its occurrence : The mineral was 
found on the south side of Melvin Mountain, about five miles 
west of the village of Grafton. It was irregularly dissemi- 
nated through a coarse crystalline mass of quartz and feldspar, 
probably a pegmatite vein, the feldspar individuals being at 
times fully four feet long. Associated with the new mineral 
in the vein were found beryl, black tourmaline, almandine 
garnet, muscovite and biotite, all crystallized on a rather large 
scale, especially the beryl. All of the new mineral that could 
be found was taken from the vein, and the total output con- 
sisted of a few crystals and a considerable quantity of irregular 
fragments. The crystals and also the fragments present a 
rough, weathered appearance, and, what is unusual and at once 
very striking, they consist of alternating layers or lamellaB of 
dark and light material, the lamellje being less than 0*5°^ in 
diameter and often exceedingly thin. Both the light and the 
dark material gave reactions for a phosphate containing iron 
and manganese as bases. The light material, however, con- 
tained only ferrous iron, while the dark reacted chiefly for 
ferric. The light and dark portions were so nearly alike in 
specific gravity that they could not be satisfactorily separated 
by means of the silver-thallium nitrate fusion. The dark por- 
tion was found to have a somewhat lower specific gravity than 
the light, and a product was separated which represented a par- 
tial separation of the two minerals and consisted chiefly of the 
light-colored material. This was analyzed by Mr. W. E. Ford 
of the SheflSeld Laboratory with results which are given 
beyond. The iron was found by Ford to be both ferrous and 
ferric, and, since a little of the carefully selected light-colored 
material gave only the reactions for ferrous iron, it was inferred 
that the original mineral was undoubtedly a ferrous compound, 
and that the dark portions were the result of partial decompo- 
sition, attended by the oxidation of the iron and manganese. 
Although the analysis indicated that the mineral was undoubt- 
edly new, the results, owing to the character of the material, 
were not wholly satisfactory and conclusive, and there wa& 
some doubt as to the propriety of giving a new name to th^ 
species. 
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FortQD&tely for the solntion of the problem in band, among 
jeveral pounds of material sent by Mr. English, a single frag- 
ment, abont as lai'ge as the end of one's finger, was found, 
which showed only a very little of the darK, decomposed 
material. It was nndonbtedlj the central portion or core of a 
crystal, the outer portion of which had been oxidized, leaving 
vitbin a core of fresh unaltered material. Upon carefol 
esamination this fresh portion was found to consist of two 
minerals in alternating layers, and iig. 1, which represents the 
appearance of a thin section prepared at approximately right 
angles to the lamination, will give ati idea of the arrangement 
and relative proportions of the two minerals. The white por- 
tions, g, represent the new mineral, graftonite, which consti- 
tatee aboat two-thirds to three-quarters of the 
total material. This in the fragment possessed ^ 

a delicate salmon color, but appeared almost 
colorless in thin section. The otner mineral i, 
which in the figure is represented by the 
stippled portions, was found to be triphylite. 
The latter possessed a pale green color as seen 
in the fragment, bnt appeared almost colorless 
in thin section. The exterior of this fragment 
of fresh material showed in places a darken- 
ing, dne to the oxidation of the iron and 
manganese, and the thin section showed, as 
represented by fig. 1, that the oxidation is con- 
fined wholly to the triphylite lamellfe, the new 
mineral being evidently a more stable material. 
On breaking np the fragment it was found 
that the lamellte separated quite readily, and it 
was possible to obtain the two minerals practi- 
cally pnre, by careful working, splitting off 
lamellee at times almost as thin as a sheet of 
^per, and examining each particle with a lens. 
Thus, discarding everything which seemed at 
all questionable and using all of the available material, 0'546 
grams of the new mineral and 0-166 grams of the triphylite 
were secured. The specific gravity of the graftonite was 
foQod to be 3*672. The hardness is 5 and the luster is vitreous 
to resinous. In appearance it resembles very closely the 
salmon- colored varieties of lithiophilite. The associated tri- 
plijlite was found to have a specific gravity of 3'58. 

Making complete analyses of the two minerals on the small 
quantities of available material proved to be a somewhat inter- 
wting problem in analytical chemistry, and a brief outline of 
tile method employed is as follows: It was first proved by 
qualitative tests that the iron was wholly ferrous. All of the 
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material of each sabstance being employed, water was first 
estimated by ignition in a closed tube, as described by the 
aathor.* Tlie contents of the tnbe were then dissolved in 
hydrochloric acid, the solution evaporated to dryness and the 
residue was taken up in water and a very little acid. To this 
solution, heated to boiling, barium hydroxide was added, which 
precipitated barium phosphate, along with the iron, manganese, 
magnesium and the bulk of the calcium, leaving the alkalies 
in solution. After filtering, the barium was separated from 
the filtrate by means of ammonia and ammonium carbonate, 
and the alkalies were finally obtained in the f(»rm of chlorides. 
From the very hygroscopic character of the chlorides it was 
evident that lithium was the prevailing alkali, and, since the 
quantities were small, it was considered best to weigh the 
alkalies as sulphates, and subsequently determine the SO,, thus 
obtaining data for estimating both the per cent of the alkali 
oxides, 11,0, and their join,t molecular weight. The precipi- 
tate produced by barium hydroxide, containing the phosphoric 
acid and bases, was dissolved in hydrochloric acid, and bariam 
was precipitated by means of sulphuric acid. The barium pre- 
cipitates, obtained at this stage of the analysis and from the 
alkali separations, were carefully examined for traces of P,0» 
and bases. The filtrate from the barium sulphate, containing 
P,Oj and bases, after evaporating to dryness and taking up in a 
very little acid, was diluted, heated to boiling, precipitated by 
an excess of sodium carbonate and filtered. The filtrate con- 
tained the bulk of the P,Oj, which was precipitated by mag- 
nesia mixture. The precipitate consisted of basic phosphates 
and carbonates of iron, manganese, magnesium and calcium. 
The latter was dissolved in a little hydrochloric acid, and the 
iron in combination with the P,Oj was separated by a basic 
acetate precipitation. After filtering, the precipitate was dis- 
solved in acid, the iron together with the P^O^ was precipitated 
with ammonia, weighed and subsequently the P,Oj was sepa- 
rated by means of ammonium molybdate. In the filtrate from 
the basic acetate precipitate the manganese, magnesium and 
calcium were estimated by well known methods. 

The results of the analyses are given below, together with 
the analysis made by Mr. Ford on partially purified material. 

The analysis of the triphylite, though showing a slight 
deficiency, compares favorably with the analyses of triphylite 
from Bodenmais, Bavaria and Korwich, Mass., made by the 
authorf and quoted in Dana's Mineralogy, page 757. The 
alkali oxide was found to have a molecular weight of almost 
exactly 30, which is the molecular weight of Li,0, thus indi- 
cating the purity of the oxide. 

* This Journal, III, xlviii, p. 31, 1894. \ Ibid., Ill, xvii, p. 226, 1879. 
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Triphylite. 
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•010 
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Analysis 




by Ford. 


P,0. - - 


.. 4a-80 


f;.6. . 


.. 10-16 


Feb . . 


.. 24-28 


MnO.. 


-. 15-38 


CaO .. 


-. 7-26 


N8,0 . 


.. 1-15 


K,0 .. 


..• -14 


H,0.. 


.. 1-17 



100-33 

As shown by the analysis of the graftonite, alkalies are prac- 
ically wanting in the new mineral. The 0-33 per cent recorded 
B Li,0 was ftund to have a molecular weight of 44, indicat- 
ag that the alkali was chiefly lithia, and it is probable that it 
7a8 derived, for the most part at least, from a slight admixture 
f triphylite. Since triphylite, however, is a normal phos- 
phate, its presence in very small quantity would have no 
ppreciable effect upon the ratio of P,Oj to the total metallic 
xides, and hence an amount of triphylite corresponding to 0-33 
ler cent of alkali oxide has not been deducted from the 
nalysis. The ratio of P,0^ : RO, as indicated by the analysis, 
? -290 : -857 = 1 : 2*95, or, approximately, 1 : 3. The formula 
i graftonite is, therefore, R.rjOg, R standing for the bivalent 
aetals, iron, manganese and calcium, which evidently are iso- 
Qorphous with one another and not present in fixed or definite 
proportions. In Ford's analysis the considerable amount of 
<*e,0„ which is recorded, indicates that the original mineral 
las BuflEered some alteration, attended by oxidation, the amount 
►f oxygen in the 10-16 percent of Fe,0, in excess of FeO 
)eing 1*02 per cent. This oxidation, in all probability, belongs 
18 much to the manganese as to the iron, if not more. If the 
>xidation is neglected, and the iron considered wholly as FeO, 
:he ratio of P,0^ : RO in Ford's analysis becomes 1 : 2-90, or, 
practically, 1:3, as required by a normal phosphate. More- 
over, the oxidation has not been attended by any considerable 
amount of hydration, the amount of water, 1*17 per cent, 
being small. 

From a chemical standpoint graftonite is interesting as being 
one of the very few anhydrous, normal phosphates thus far 
observed. Thus, we have xenotime and monazite, normal 
phosphates of the yttrium and cerium metals, and the minerals 
of the triphylite group, characterized by containing an alkali 
metal, as follows: triphylite, LiFePO^; lithiophilite, LiMn 
PO,; natrophilite, NaMnPO, and beryllonite, NaBePO,, 

* Molecular weight 44, heuce cootaining some Na^O. 
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while all other mineral phosphates contain either flaorine or 
hydroxyl radicals, or water of crystallization. 

Before the blowpipe graftonite darkens and fnses at about 
2 to a globule which is slightly magnetic. The globule 
becomes decidedly magnetic after continued heating on char- 
coal. During fusion in the forceps the mineral imparts to the 
flame the pale bluish-green color characteristic of a phosphate. 
Fused in a sodium carbonate bead in the oxidizing flame, the 
green color characteristic of manganese is obtained. The 
mineral is readily soluble in hydrochloric acid, and if a little of 
the concentrated solution on a watch glass is brought in con- 
tact with a drop of dilute sulphuric acid a precipitate of cal- 
cium sulphate is formed. In the closed tube only a trace of 
water is given off, and at a full red heat the material shows 
signs of fusion. 

xhe crystallization of graftonite is monoclinic, although no 
material for obtaining exact and reliable data has thus far been 
found. The crystals are without exception dark from the 
presence of oxidized triphylite, while the outer surfaces of the 
graftonite itself have undoubtedly suffered more or less oxida- 
tion. In some cases oxidation and decomposition have gone on 
to such an extent that only a rude suggestion of the crystal 
form remains. The crystals, moreover, are either fragmentary, 
or they are attached so that only a portion of their faces are 
developed. The crystals averaged over 4*^ in greatest diam- 
eter, and admitted only of approximate measurement by means 
of the contact goniometer. 

The forms observed, which are represented in the accom- 
panying figures, are as follows : 



a, 100 


m, 110 


w, 130 


6, 021 


b, 010 


/, 120 


d. Oil 


V, 111 



In establishing the axial ratio the value of )S was derived 
from a direct measurement of the angle made by the edge 
between h and 6, fig. 2, with the vertical edge between h andn. 
Other fundamental measurements were, J /v m, = 51° and 
Z>/srf= 62°. The axial ratio obtained from these values is as 
follows : 

a :b: c = 0-886 : 1 : 0*582 ; )8 = 66° 

It must be borne in mind, however, that the fundamental 
measurements are not very reliable, and that the axial ratio 
therefore can only be approximately correct. 

A few of the more important measured and calculated angled 
are as follows : 
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Measured. Calculated. 

fnA.m, 110 A. lIO = 78° 00' 

I A. I, 120 /^ 120 = 116° 116 36, fig. 6 
b AsU^ OlO /v ISO = 22 30' 22 22, fig. 2 

€ /v e, 021 /v 021 = 93 31 

/)/v/>, 111 /v 111 = 41 32 

Figures 2 to 7 represent the crystals which were available 
r stud J. Fig. 2, drawn with J, OlO, in. front, shows a portion 

a crystal, about 6^°* wide, which is attached to a rather lar^, 
*egQlar mass of graftonito associated with biotite. In this 
d in other figures no attempt has been made to represent by 
eans of an artistic effect the irregular, broken surfaces of the 
aftonite and associated minerals. The stippled portions of 
e figures are intended to represent the irregular surfaces, and, 

carried out in the proper proportion in fig. 2, the stippling 






ihould continue for a considerable distance above and to the 
right, beyond the limits of the figure. Fig. 8 represents two 
crystals, about 7*^ long, which have grown together in parallel 
position and have suffered deformation, the vertical edges and- 
laces of the prism being decidedly curved, although the mono- 
symmetric character of the crystal seems not to have been dis- 
turbed. No cracks, resulting from cleavage or fracture, are 
visible in this specimen, and no other specimen was observed 
which showed similar deformation. Figs. 4, 5, 6 and 7 repre- 
sent fragments and corners of much decomposed crystals with 
rough faces. The material as a whole was very unfavorable 
^or crystallographic study, and it is possible that the conclu- 
sions reached concerning the orientation of some of the crystals 
and the identification of the forms are erroneous, although, as 
^^r as could be told with the contact goniometer, the measure- 
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ments indicated the simple forms which have been recorded in 
the foregoing list. 

The optical properties of the graftonite, as far as they were 
studied, indicate monoclinic symmetry. The lamination, as 
will be explained more in detail later, is parallel to the pinacoid 
J, 010, of the graftonite, and hence a section like that repre- 
sented by lig. 1, cut at right angles to the lamination, is at 






right angles to the symmetry plane. Two sections were thus 
prepared from the small fragment of fresh material, and, 
except that they were at right angles to the symmetiy plane, 
nothing is known concerning their orientation. In these 
sections, when examined in polarized light, the graftonite was 
found to have an extinction parallel to the lamination, as indi- 
cated by the arrows, tig. 1. In one of the sections, when 
examined in convergent polarized light, a portion of a biaxial 
interference figure was observed toward the limit of the field, 
and the position of the figure indicated distinctly that the plane 
of the optical axes is at right angles to the symmetry plane, 
the acute bisectrix being in the symmetry plane. By mount- 
ing a small fragment of the thin section on the little axial 
angle apparatus devised by Professor Klein,* filling the vessel 
with a liquid of high index of refraction, and turning until the 
bisectrix came to the center of the field of the polariscope, the 
horizontal character of the dispersion could be distinctly seen, 
and it was estimated that the divergence of the optical axes, 
2V, was about 50° to 60°. The birefringence is not very 
strong and its character is positive. 

The interlamination of two minerals such as graftonite and 
triphylite, differing in chemical composition and crystallizing 
in different systems, is an interesting and unusual phenomenon 
which seemed worthy of some study. Before discussing the 
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problem presented by this particular intergrowtb, however, it 
nay be well to cite a few illustrations of a somewhat similar 
latiire. The best and andoubtedly the most familiar illustra- 
ion of the lamellar intergrowth of two minerals is that of 
Ibite (triclinic) and orthoclase (monoclinic), a phenomenon 
ommonly observed in studying thin sections of rocks, and 
amiliarly known to petrographers as the perthitic or micro- 
)erthitic structure. In the case of the feldspars the two 
ninerals are closely related both in chemical composition and 
rystalline form, they are united by their pinacoid faces 6, 010, 
taving their vertical axes parallel, and thus the cleavage 
lirections and the interfacial angles of the two minerals con- 
brm very closely to one another. Other familiar instances of 
parallel, though not of lamellar intergrowth are of staurolite 
orthorhombic) on cyanite (triclinic), rutile (tetragonal) on 
lematite (hexagonal-rhombohedral), and chalcopyrite (tetra- 
gonal) on both tetrahedrite and sphalerite (isometric). In each 
>f these cases it is probable that the two minerals have certain 
nolecular or crystallographic features so nearly alike that the 
wo substances can grow together in certain definite positions, 
omewhat analogous to the growth of two crystals of the same 
aaterial in parallel or in twin position. 

Evidently the most important thing to be determined in 
onnection with the study of the interlamination of the mono- 
ilinic graftonite and the orthorhombic triphylite is the manner 
n which the two minerals are intergrown. Undoubtedly the 
graftonite, which makes up from two-thirds to three-quarters 
\i the total mass of the crystals, has exerted the controlling 
nflaence upon the crystalline form, for the external shape oi 
he crystals is monoclinic and not orthorhombic. In all of the 
specimens the lamination is very pronounced and parallel to 
the clinopinacoid 6, 010, of the graftonite ; however, the sur- 
faces by which the two minerals are united are not plane and 
even, like cleavage or crystal faces, but nndulatory, somewhat 
resembling in mmiature a surface presented by a slab of sedi- 
mentary rock exhibiting ripple marks. An idea of the uneven 
character of the surfaces may be gained by noting the irregular, 
wavy lines of juncture between the two minerals as seen in cross 
section, fig. 1. In the specimen represented by fig. 2 there 
wasa limited area where the lamination was apparently parallel 
to the prism in of the graftonite, but in other parts of the 
specimen and in all other crystals the lamination was through- 
ontparallel to the clinopinacoid h. 

When a section like rig. 1 is examined in polarized light, 
^e graftonite, as already stated, shows parallel extinction ; the 
extinction of the triphylite, however, in the particular section 
onder consideration, is inclined about 27° to the direction of 
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laminatioD, and differently in different lamellsB, as indicated by 
the arrows, fig. 1. In lamellae 1, 3 and the upper part of 5 
the extinction is to the right, while in 2, 6, 7 and the lower 
part of 5 it is to the left. Thus evidently the orthorhombic 
triphylite and the monoclinic graftonite have not intergrown 
with pinacoid faces in common, for in that case both minerak 
would have shown parallel extinction. The inclined extinction 
of the triphylite naturally suggested the idea that oneofita 
prism pr dome faces might be parallel to the clinopinacoid ol 
the graftonite, and, on looking for some similarity between the 
forms and angles of the two minerals, it was observed that the 
angle of the macrodome 102 of triphylite Q02/sl02 = 
62° 230 was practically the same as the angle oetween the 
clino-dome rf, Oil, and the clino-pinacoid J, 010, of graftonite 
(Oil /v 010 = 62°). If therefore a triphylite crystal is orien 
tated so that its macro-axis is parallel to the clino axis of graf 
tonite, and is then tipped 31° so that a dome face 102 comei 
in contact with the clinopinacoid h of graftonite, then thi 
clinodome d of the graftonite and the macrodome of the tri 
phylite fall practically in one plane. In trying to find othe: 
points of similarity which the two minerals might possess 
recourse was had to the spherical projection. Fig. 8 represent 
in its full lines the spherical projection of graftonite, tne loca 
tion of the forms recorded on p. 24 being indicated by itali< 
letters, while the location of four forms, 001, 031, 301 and 221 
which were not observed as crystal faces, are indicated b; 
indices in small figures. The projection of the triphylite i 

fiven in dotted lines, the known forms being indicated b; 
eavy, full-faced letters, while the indices of a few possibl 
forms are also given in heavy figures. The lettered forms o 
the triphylite are as follows : 



B, 010 


M, 110 


W. 102 


V, 302 


C, 001 


L, 120 


E. 101 


D. 021 



As a starting point in constructing the projection of th 
triphylite, the zone in which 100 and C, 001, are locate 
was made to coincide with the zone J, rf, rf, of the graftonite 
and the location of two faces of the macrodome W of th 
triphylite to coincide, one with the clinodome rf, the othc 
with the clinopinacoid h of the graftonite. Thus, as show 
by the figure, the forms C, V and 100 of triphylite corr 
spond closely to 031, 001 and d^ Oil of graftonite respective! 
A zone W, 122, M, W of triphylite is almost coincident wit 
that joining h and p of graftonite, though the forms M an 
122 of the former are located several degrees distant froi 
the pyramid ^> of the latter. Finally the faces of the dome I 
021 and 021, of triphylite fall one within about 3° of the prisi 
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m, the other aboat 5° o£ a poBStble pyramid 231 of graftooite. 
It most farthermore be bome in mind that the variable 
elements, that is, the axial ratios, of both triphjlite and graf- 
tonite have been derived from measurementa made with only a 
contact goniometer, hence the correspondence between the two 
miueralB may be even closer than is indicated by their position 
as plotted on the spherical projection. 




Another and perhaps a more convincing method of showing 
siniilarity between the two minerals is given by fig. 9. This 
represents at the left a monoclinic combination of the forms m 
sndrfof graftonite, with the right hand edge of the prism 
trancated by a clinopinacoid h. To the right is a triphylite 
B76ta!, representing a combination of the domes W, 102, and 
^ 021, accurately plotted, and drawn so that one of the W 
^ceais in contact with the clinopinacoid of the graftonite and 
the edge W^W paraliel to the clino-axis of the latter mineral. 
Tbns drawn, a d face of tiie one crystal and a W face of the 
other fall almost exactly in one plane (W/.,W = fi2'' 23' and 
ht^d^&i"), and, also a brachydome face D of the triphylite 
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is almost parallel to the prismatic face m, tlO, of the grafton- 
ite, as shown by the fact that tbo edf^es between m and daaA 
W and D, fig, 9, form almost a coDtiDDoua line, or from %. 
8, that the angle between d and m (Oil a 110 = 54° 56'j a 
almost the same as that between W and D (102«021=53'' 51) 




The foregoing demonstrations ftimisli a working hypothesis 
for explaining how tlie two minerals might possibly have 
grown togetlier because of similarity in certain prominentcrys 
tallographic fealnres, and it reinaioa to be snown to what 
extent the hypothesia conforms to the structnral features pre- 
sented by the intergrowth of the two minerala. lu fig. 10 
there is represented in the center an ideal cross-section of a 
graftonite crystal, at right angles to the clino-axia, and showing 
the ontlincs of the forms a and h. Such a section shonla 
exhibit in polarized light parallel extinction, as is the cage 
with the graftonite in ng. 1. On either side of the graftonite 
in fig. 10 are represented sections of tripliylite crystals at right 
angles to the macro-axis h and so orientated that faces of the 
inacrodome W are parallel to and in contact with the clino- 
pinacoid i of the graftonite; compare fig. 9. Such sections 
should show extinction angles of 31° to the right and to the left 
of the interposed graftonite, as indicated by the arrows. The 
strncture indicated by the ideal section, rig, 10, corresponds 
to the optical proi)ertics of the minerals in the section repre- 
sented by rig. 1, where the interlaminaled triphylite (compare 
latnelliF 1, 2 and 3) shows inclined extinction, symmetriealiy 
disposed to the right and to the left of the plane of lamination. 
If a cross section of the composite crystal were at right angles 
to the symmetry plane of the graftonite, bnt not at right angles 
to the cliiio-axis, then the extinction anj;les of the triphylite 
would be less than '6\°, but still remain equal on either aide of 
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the plane of lamination. In the section represented by fi^. 1 
the extinction angle of the triphylite is about 27® ; hence, if the 
hypothesis which is proposed is the correct one, the section 
should be nearly though not quite at right angles to the clino- 
axis of the graftonite and the macro-axis of the triphylite. 
Furthermore, according to the investigation of Pen field and 



10 
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Pratt,* it may be assumed that in triphylite having about 33 
per cent, of FeO the acute bisectrix is tlie Jaxis, the plane of 
the optical axes being 100, as indicated by fig. 10, and the 
divergence of the optical axes, 2 V, about 80°. Hence in a 
section similar to fig. 10, at right angles to the J-axis of the 
triphylite, the latter should show a bisectrix ; while if slightly 
inclined, as may be assumed to be the case in the section repre- 
sented by fig. 1, some portion of the interference figure ought 
to be visible. This in reality is the case when the tryphylite 
lamellffi are examined, although, owing to the character or the 
material, the interference figures are not very distinct. Thus 
tlie optical properties, as far as they have been made out, con- 
firm the hypothesis that a dome face of the triphylite is in con- 
tact with a clinopinacoid face of the graftonite. Fig. 11 
represents two crystals of triphylite orientated in twin position 
to one another upon a clinopinacoid face of graftonite. Crys- 
tals thus orientated, providea they increased in size, would have 
to adapt themselves to circumstances as they grew together, 
and the surface of contact between them w^ould probably be 
in^gnlar and not conformable to any definite crystal plane. 
Such a condition may have existed when lamella 5, fig. 1, was 
forming, for in one portion the extinction is to the right, in 
another to the left, while the two portions unite along an 

♦This Journal, III, 1, p. 387, 1895. 
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irregular line which can be distinctly traced ander the micro- 
scope. 

The composite crystals of graftonite and interlaminated tri- 
phylite are large, and, therefore, it seems probable that a very 
longtime would be required for their growth and development 
It does not seem probable that the crystals could have beea 
originally of one material and subsequently, without oxidation 
of the iron or manganese, have been changed in part to a 
material of different composition. The acceptance of such a 
theory would require that the product resulting from the 
alteration (in this case the rare mineral triphylite) should have 
developed as interspersed lamellae having definite crystallo- 
graphic orientation with reference to the original material. 
Again it does not seem probable that they were at one time 
wholly graftonite, and that later, by pressure or other agency, 
they were broken up into lamellae, leaving interstices for the 
subsequent infiltration of triphylite as a cementing material. 
The crystals, with the exception perhaps of the one represented 
by fig. 3, show no evidence of having been crushed and 
cemented together, nor are there any inequalities, striations or 
offsets visible on their faces to lead one to suspect that the crys- 
tals have been opened out and broadened as a result of the 
interlaminated triphylite. It seems rather probable that the 
crystals must have developed in a solution or medium which 
contained the chemical constituents for the formation of both 
compounds, and that the growth was of such a nature that 
graftonite was deposited at one period and triphylite at another. 
Thus, according as the supply of material favorable for the 
formation of the one compound or the other was most abund- 
antly at hand, the growth of the crystals proceeded until the 
large interlaminated individuals were formed. 

It is to be regretted that only one small fragment of fresh 
unaltered material, without definite crystal faces, was found. 
The material as a whole was of such a nature that accurate 
crystallographic measurements could not be made, and orien- 
tated sections containing unaltered triphylite could not be pre- 
Eared, hence the crystallographic relations of the two minerals 
ave not been established with absolute certainty. It is hoped, 
however, that the time devoted to finding even a possible 
explanation of the remarkable intergrowth presented by the 
two minerals has not been spent in vain. 

Laboratory of Mineralogy and Petrography, 

Sheffield Scientific School of Yale University, November, 1899. 
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Art. V. — Explorations of the ^' Albatross ^^ in the Pacific 

Ocean ; by Alexander Agassiz. 

[Extract from a letter to the Hon. Georf^) Ai. Bowers, U. S. Commissioner of 
Pish and Fisheries. Washington, D. C, dated Papeete Harhor, Tahiti Island, 
to September, 1899, on the trip of the *' Albatross " from San BVancisco to 
Papeete ] 

I ARRIVED at San Francisco on August 20th, and after 
consulting with Commander Moser we decided to leave on 
Wednesday, the 23d. Everything shipped from tne East had 
irrived with the exception of the tow nets sent me by Dr. 
Kramer, and the deep-sea nets kindly ordered for me by 
Professor Chun of Leipzig. Captain Moser and I decided not 
jQ make any soundings nor do any deep-sea work until we had 
passed beyond the lines of soundings already run by the 
lilbatross and Thetis between California and the Hawaiian 
[slands. 

In latitude 31° 10' N., and longitude 125° W., we made our 
irst sounding in 1955 fathoms, about 320 miles from Point 
Conception, the nearest land. We occupied 26 stations until 
«re reached the northern edge of the plateau from which rise 
;he Marquesas Islands, having run from station No. 1, a distance 
)f 3800 miles, in a straight line. 

At station No. 2 the depth had increased to 2368 fathoms, 
;he nearest land, Guadeloupe Island, being about 450 miles, 
md Point Conception nearly 500 miles, distant. The depth 
gradually increased to 2628, 2740, 2810, 2881, 3003, and 3088 
fathoms, the last in lat. 16° 38' N., long. 130° 14' W., the 
ieepest sounding we obtained thus far in the unexplored part 
)f the Pacific tlirough which we were passing. From that 
3oint the depths varied from 2883 to 2690 and 2776, diminish- 
ng to 2583, and gradually passing to 2440, 2463, and 2475 
fathoms until off the Marquesas, in lat. 7° 58' S., long. 139° 08' 
5F., the depth became 2287 fathoms. It then passed to 1929, 
1802, and 1040 fathoms in lat. 8° 41' S., long. 139° 46' W., 
N^ukuhiva Island being about 20 miles distant. Between 
S^ukuhiva and HouaHouna (Ua-IIuka) Islands we obtained 
^80 fathoms, and 5 miles south of Nukuhiva 687 fathoms. 
iVhen leaving Nukuhiva for the Paumotus we sounded in 
L284 fathoms about 9 miles south of that island. These sound- 
ngs seem to show that this part of the Marquesas rises from a 
plateau having a depth of 2000 fathoms and about 50 miles in 
width, as at station 29 we sounded in 1932 fathoms. 

Between the Marquesas and the northwestern extremity of 
the Paumotus we occupied nine stations, the greatest depth on 
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tliat line being at station No. 31, in lat. 12° 20' S., and long. 
144° 15' W. The deptlis varied between 2451 and 2527 
fathoms and diuiinislied to 1208 fatlioms oflF the west end of 
Aliii, and then to 706 fathoms when about 16 miles N.E. of 
Avatorn Pass in Rairoa Island. 

We developed to a certain extent the width of the Pauraotn 
Gronp plateau by a line of soundings in continuation of the 
direction of Avatorn Pass, extending a little less than 9 miles 
seaward, where we obtained a depth of 819 fathoms. Subse- 
quently we ran a similar line normal to the south shore of the 
lagoon of Rairoa, a distance of nearly 12 miles, into 897 fathoms. 

Between Rairoa and Tikchau, the next island to the west- 
ward, we got a depth of 1486 fathoms. 

Between Tikehau and Mataiwa six soundings were made with 
a depth of 488 fathoms half a mile from shore, and a greatest 
depth of 850 fathoms 6^ miles from Tikehau. The slope 
approaching Mataiwa is steeper than the Tikehau slope. 

From Mataiwa to Makatea (Aurora) Island, we made six 
soundings: from 642 fathoms about 2^ miles off shore, to 581 
fathoms about li miles off the west side of the latter island, 
the depths passing to 860, 1257, 1762, and the greatest depth 
being 2267 fathoms ; then 2243, and rising more rapidly near 
Makatea to 581 fathoms. 

Between Makatea and Tahiti we made eight soundings, begin 
ning with 1363 fathoms, 2 miles off the southern end of 
Makatea, passing to 2238, 2363 (the greatest depth ou that 
line), to 2224, 1930, 1585, 775, and finally 867 fathoms off 
Point Venus. 

These make in all 72 soundings up to the present time. 

The deep basin developed by our soundings between lat. 
24°30'N., and lat. 6° 25' S , varying in depth from nearly 
3100 fathoms to a little less than 2500 fathoms, is probably the 
western extension of a deep basin indicated by two soundings 
on the charts, to the eastward of our line, in longitudes 125° 
and 120° W., and latitudes 9° and ll*" N., one of over 3100 
fathoms, the other of more than 2550 fathoms, showing this 
part of the Pacific to be of considerable depth and to form a 
uniformly deep basin of great extent, continuing westward 
probably, judging from the soundings, for a long distance. 

I would proj)ose, in accordance with the practice adopted 
for naming such well-defined basins of the ocean, that this 
large depression of the Central Pacific, extending for nearly 
thirty degrees of latitude, be named Moser Basin. 

The character of the bottom of this basin is most interest- 
ing. The haul of the trawl made at station No. 2, lat. 28'' 23' 
N., long. 126° 57' W., brought up the bag full of red clay and 
manganese nodules with sharks' teeth and cetacean ear-bones; 
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and at nearly all our stations we hid indications of manganese 
nodules. At station No. 13, in 2690 fathoms, lat. 9° 57' N., 
long. 137^ 47' W., we again obtained a line trawl haul of man- 
ganese nodules and red clay ; there must have been at least 
enough to fill a 40-gallon barrel. 

The nodules of our first haul were either slabs from 6 to 18 
inches in length and 4 to 6 inches in thickness, or small nodules 
ranging in size from that of a walnut to a lentil or less ; while 
those brought up at station No. 13 consisted mainly of nodules 
looking like mammillated cannon-balls varying from 4^ to 6 
inches in diameter, the largest being 6^ inches. We again 
brought up manganese nodules at the equator in about longi- 
tnde 138° W., and subsequently — until within sight of Tahiti — 
we occasionally got manganese nodules. 

As had been noticed by Sir John Murray in the Challenger, 
these manganese nodules occur in a part of the Pacific most 
distant from continental areas. Our experience has been simi- 
lar to that of the Challenger, only I am inclined to think that 
these nodules range over a far greater area of the Central 
Pacific than had been supposed, and that this peculiar manga- 
nese-nodule bottom characterizes a great portion of the deep 
parts of the Central Pacific where it cannot be aflfected by the 
deposits of globigerina, pteropods, or telluric ooze ; in the 
region characterized also by red-clay deposits. For in the 
track of the great equatorial currents there occur deposits of 
globigerina ooze in over 2400 fathoms for a distance of over 
300 miles in latitude. 

Manganese nodules we found south of the Marquesas also, 
when in 2700 fathoms we obtained perhaps the finest speci- 
mens of red clay from any of our soundings. As we approached 
elose to the Western Paumotus, upon the north side of the 
plateau from which they rise, globigerina ooze passed gradually 
to pteropod ooze, then to fine and coarse coral sand. In the 
channel south of the Paumotus to Tahiti the coral sand passed 
to volcanic sand mixed with globigerinse in the deepest parts 
of the line, and toward Tahiti passed to volcanic mud mixed 
with globigerinsB, next to fine volijanic sand, and finally, at the 
last sounding, ofE Point Venus, to coarse volcanic sand. 

We made a few hauls of the trawl on our way, but owing 
to the great distance we had to steam between San Francisco 
and the Marquesas (3800 miles) we could not, of coui-se, spend 
a great deal of time either in trawling or in making tows at 
intermediate depths. Still the hauls we made with the trawl 
were most interesting, and confirmed what other deep-sea 
expeditions have realized : that at great depths, at considerable 
distances from land and away from any great oceanic current, 
there is comparatively little animal life to be found. Where 
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manganese nodules were found the hauls were specially poor» 
a few deep-sea holothnrians and ophinrans, and some small 
actinias which had attached themselves to the nodules with a 
few other invertebrates, seemed to be all that lived at these 
great depths, 2500 to 2900 fathoms, far away — say from 700 to 
1000 miles — from the nearest land. 

The bottom temperatures of the deep (Moser) basin varied 
between 34-6° at 2628 and 2740 fathoms, to 352° at 2440 
fathoms, and 85° at 2475 fathoms ; about 120 miles from the 
Marquesas. At station No. 23, off the Marquesas, in 1802 
fathoms, the temperature was 35*5°. 

Owing to the failure of our deep-sea thermometers we were 
not able to make any satisfactory serial-temperature observa- 
tions. At station No. 11, lat. 1*4° 38' N., long. 136° 44' W., 
we obtained : 

79° at surface 

78-7° at 50 fathoms 

55-9° " 100 

48-9° " 200 '' 

44-1° " 300 *' 

39-9° " 700 *' 

These temperatures are somewhat higher than those obtained 
by the Challenger in similar latitudes on their line to the west- 
ward of ours between the Sandwich Islands and Tahiti. 

The temperatures of the bottom between the Marquesas and 
Paumotus were 34-9° at 1932 fathoms, 35° at 2456 fathoms 
and 2451 fathoms, and 35*1° at 2527 fathoms. 

We did not take any bottom temperatures between the 
Paumotus and Tahiti. 

Our deep-sea nets not having reached San Francisco at the 
time we sailed, we limited our pelagic work to surface hauls, 
of which we generally made one in the morning and one in 
the evening, and whenever practicable some hauls with the 
open tow nets at depths varying between 100 and 350 fathoms. 
The results of these hauls were very satisfactory. The collec- 
tion of surface animals is quite extensive, and many interesting 
forms were obtained. As regards the deeper hauls, they only 
confirm what has been my experience on former expeditions, 
that beyond 300 to 350 fathoms very little animal life is found, 
and in the belt above 300 fathoms, the greater number of 
many so-called deep-sea crustaceans and deep-sea fishes were 
obtained. I may mention that we obtained Pelagothuria at 
about 100 fathoms from the surface. 

We trawled at station No. 10 in 3088 fathoms. Unfortu- 
nately the trawl was not successful, and we simply hauled the 
bag through over 3000 fathoms without bringing up a single 
deep-sea animal from intermediate depths which we did not 
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obtain quite near the surface — at less than 300 fathoms. I 
may mention here that the experience of the Valdivia shows, 
from the preliminary reports published by Professor Chun, 
that no pelagic algSB extend to beyond about 150 fatlioms. 
Although he also states that animal life is found at all 
depths from the surface to the bottom, yet he states that 
beyond 800 meters it diminishes very rapidly ; Professor Chun 
does not state whether this diminution is more rapid away from 
land than near continental areas, both of which conditions I 
had called especial attention to in my Preliminary Report on 
the Albatross expedition of 1891, while using the Tanner net 
in the Gulf of California. Mr. George Murray has criticized 
the action of the Tanner deep-sea net, and condemns its results, 
suggesting that the bottom net had always closed some time 
after being sent down, I need not now discuss that subject, 
but will only refer him to the report of the Albatross, in 
which he will find the closed part of the net to have on several 
occasions brought up (when I expected it to do so) specimens 
from over 600 fathoms from immediately above the bottom, or 
samples of the bottom from near 1700 fathoms while attempt- 
ing to tow immediately above that depth. I ought, in justice 
to him, to state that I omitted to mention that we secured the 
loops by twine to the detacher to insure their dropping only 
when the messenger reached the detacher, and that the hooks 
of the detacher were lengthened very considerably above the 
dimensions figured in my Preliminary Report on the Albatross 
expedition of 1891. I might add that we made a number of 
trials near the surface to see the action of the Tanner net 
under all conditions of position and speed, and I can only 
assume that Mr. Murray, having no experience, did not handle 
bis net properly, or that it was not properly balanced. I may 
also add that Captain Tanner used his modified net subse- 
quently in the Albatross, while running a line of soundings 
from San Francisco to the Hawaiian Islands, in from 100 to 
350 fathoms from the surface, at considerable distances from 
the islands and the mainland, and also in Alaskan waters, and 
always with the results we had obtained before. The closed 
bag, when towing at 100 fathoms below the surface, always 
brought up a mass of pelagic animals living at about that 
depth, while when tried at 300-350 fathoms it brought up 
little or nothing. There is nothing in Captain Tanner's 
experience, or mine, to indicate why the net should act well 
at 100 fathoms and not well at 300 fathoms or more, as sug- 
gested by Mr. Murray. 

On our way to Tahiti from the Marquesas we stopped a few 
days to examine the westernmost atolls of the Paumotus. 
Striking Ahii we made for Rairoa, the largest atoll of the 
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Panmotu group. Skirting the northern shore from a point a 
little west of Tiputa Pass, we entered the lagoon tlirough 
Avatoru Pass, anchoring ofE the village. This pass is quite 
narrow, with a strong current running out the greater part of 
the time, especially in easterly winds. It varies in depth 
between 9 and 10 fathoms, shoaling near the inner entrance ta 
about 3i fathoms, and deepening again to 6 or 7 fathomg, 
and gradually passing into 15 to 17 fathoms, which is the 
average depth of the lagoon from Avatoru Pass to the south 
or weather shore, a distance of about 13 miles. 

We made an examination of the northern side of the lagoon 
between Avatoru and Tiputa Passes. The lagoon beach of the 
northern shore is quite steep, and is composed of moderately 
coarse broken coral sand at the base, and of larger fragments 
of corals along the upper face, which is about 5 to 6 feet above 
high-water mark. These coral fragments are derived in part 
from the corals living on the lagoon face of the northern shore^ 
and in part of fragments broken by the waves from somewhat 
below the low-water mark. The ledge which underlies the 
beach crops out at . many places on the lagoon side of the 
northern shore ; we traced it also along the shores of Avatoru 
Pass, and about half way across the narrow land running 
between Avatoru and Tiputa Passes. It crops out also at 
various points between them in the narrow cuts which divide 
this part of the northern land of the lagoon into a number of 
smaller islands. These secondary passes leave exposed the 
underlying ledge, full of fossil corals. In some cases there is 
left a clear channel extending across from the lagoon to the 
northern side through which water flows at high or half tide^ 
In other cases the cuts are silted up with coral sand blown in 
from the lagoon side. In othei^s, the cut is shut off by a high 
sand-bank, or a bank composed of broken fragments of corals, 
leaving access to the water from the northern shore only ; and 
finally the cuts are also shut off on the northern side by sand 
and broken coral banks, the extension of the north-shore beach 
leaving a depression which at first is filled with salt-water and 
gradually silted up both from the lagoon side and the sea side, 
and forms the typical north-shore land of the lagoon. This 
building up of the land of the Paumotu atolls simultaneously 
both by the accumulation of sand from the lagoon side and the 
sea face, is very characteristic of the atolls of that group. It is 
a feature which I have not seen so marked in any other coral 
reef district. 

On the. lagoon side the slope from the beach is very gradual 
into 16 and 17 fathoms, and corals appear to flourish on the 
lagoon slope to 6 or 8 fathoms only, in some cases consisting of 
Madrepores, Pontes, Astrseans and Pocillopores. The corals 
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lid be seen over the floor of the Avatorn passage down to 
m 9 to 10 fathoms; and on the sea face roeillopores 
^ered the outer edge of the shore platform. This platform 
:rom 200 to 250 feet wide, and was formed by the planing 
of the seaward extension of the ledge cropping out in the 
ts. 

[t became very evident, after we had examined the south 
)re of the lagoon, that the ledge underlying the north shore 
the remnant of the bed, an old Tertiary coralliferous lime- 
De which at one time covered the greater part of the area 
the lagoon, portions of which may have been elevated to a 
isiderabie height. This limestone was gradually denuded 
i eroded to the level of the sea. Passages were formed on 
outside edge, allowing the sea access to the inner parts of the 
oon. This began to cut away the inner portions of the 
vated limestone, forming large sounds, as in the case of 
ji atolls, and leaving finally on the south side only a flat 
ip of perhaps 2,500 to 3,000 feet width which has gradually 
3n further eroded on the lagoon side, and also on the sea 
-e to leave only a narrow strip of land about 1,000 feet in 
dth and perhaps 10 to 14 feet in height, the material for 
s land having come from the disintegration of the ledge of 
rtiary limestone, both on the sea face and the lagoon side. 
There exist in the lagoon a number of small islets which 
3 consist of this same Tertiary limestone in process of disin- 
;ration and transformation to coral sand islets. They are 
J islets at the lagoon side of both Avatoru and Tiputa 
sses, the two islets which we found along our line of 
mdings, the one about 4^ miles from the north side of the 
oon, and the other about the same distance from the south 
)re. I am told that the eastern extremity of the lagoon is 
ed with islets and heads consisting of the same limestone 
tk so characteristic of the north and south shores of the 
;oon. 

The underlying ledge is not the remnant of a modern reef ; 
character is identical with that of the elevated limestones 
Fiji, which are of Tertiary age, and the rock is in every 
jpect the same as that I observed on many of the elevated 
ands of Fiji. The atoll of Rairoa is in a stage of denudation 
d erosion very similar to that of Ngele Levu, in Fiji, only in 
gele Levu the elevated limestone attains a height of about 
i feet. Our visit to the south shore of the lagoon, both on 
le lagoon side and on the sea face, left us no doubt regarding 
»e character of the underlying ledge of the north shore. As 
K)n as the south shore was sufficiently near, as seen from the 
igoon side, for us to distinguish its character, we could see 
iat the entire shore line was formed of a high ledge of lime- 
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stone, honeycombed, pitted and eroded, both by atmospheric 
agencies, and the action of the waves, in its lower parts both 
on the lagoon side and on the sea face. The great rollers of 
the weather side broke through between the columnar masses 
of the ledge into the lagoon, and as far as the eye could reach 
there extended a more or less continuous wall (which is de- 
scribed by Dana as he saw it sailing by in the Vincennes). But 
in addition to this we found, on landing, this wall to be the sea 
face of the islands and islets which dot the weather side for 
the greater part of its length on the southwestern part of the 
lagoon. 

These islands and islets are entirely composed of coral sand 
and coral fragments, formed from the disintegration of the 
extension of the elevated ledge toward the inside of the lagoon 
to a distance of about IJ to 2 miles ; and along this very gradual 
slope of the islands forming the southern edge of Kairoa, corals 

frow profusely down to 6 or 7 fathoms oi water, when the 
ottom runs into hard coralline bottom similar to that found 
on all the soundings taken across the lagoon. 

The width of the larger islands is about 1000 to 1200 feet; 
the smaller islands and islets are less, some of the latter form- 
ing in reality mere sand buttresses at right angles to the great 
limestone ledge which flanks them all on the sea face and con- 
nects them on the weather side as if by a great wall, more or 
less broken, and shuts off the communication of the interior of 
the lagoon with the sea on that side. 

The passages between the islands and islets illustrate well, 
only on a larger scale, the formation of the cuts, more or less 
silted up, which were observed on the northern face of the 
lagoon. Some of these passages are dry at low-water, others 
are partly tilled by tide pools, others are entirely silted up by 
lagoon sand, only they are lower than the sand-blown land of 
the islands on either side of it. 

Crossing over to the weather side of the southern land of 
Rairoa in one of the passages between two of the islands, we 
came upon the limestone ledge, from 12 to 14 feet high and 
about 40 to 50 feet wide, which formed the sea face of the 
islands and islets, and extended far to the westward as a great 
stone wall more or less broken into distinct parts. We found 
this ledge to consist of elevated limestone as hard as calcite, 
full of corals, honeycombed and pitted, and worn into countless 
spires and spui-s, and needles and blocks of all sizes and shapes, 
separated by deep crevasses or potholes recalling a similar scene 
in Ngele Levu on the windward end of the lagoon. In the 
passages the parts of the ledge which had not been eroded, 
extended as wide buttresses, gradually diminishing in height 
till they formed a part of the lagoon flat and extended out 
below the recent beach rock which covered it in short stretches. 
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The slope of the sea face of the elevated ledge was quite 
Jteep and similar to the lagoon slope, and its upper surface 
weathered by atmospheric and aqueous agencies into all possi- 
ble shapes such as I have mentioned. The slope passed into 
the shore platform, which was shaved down as it were to a gen- 
eral level surface. On the outer edge, within the line of the 
breakers, were growing Pocillopores in great abundance. This 
reef flat or shore platform, as well as the reef platform of the 
Dorth shore, was strewn here and there with huge masses of 
the ledge of elevated reef rock torn from its outer shore. 
Similar rocks and bowlders occur on the lagoon side of the 
islands forming the outer lauds of Rairoa ; thej are either torn 
off from the lagoon face of the outcropping ledge, or are parts 
of the ledge which have remained in place and have not been 
planed down to the base level of the reef. 

The amount of water which is forced into such a lagoon as 
Rairoa is something colossal, and when we observe that there 
arc but a small number of passages through which it can find 
its way out again on the leeward side, it is not surprising 
that we should meet with such powerful currents (7 to 8 
knots in several cases) sweeping out of the passages on the lee 
sides. 

The islands and islets of Rairoa are fairly well covered with 
low trees and shrubs and large groves of palm trees. 

The atolls of Tikehau and Mataiwa, which we also examined, 
present no features which we did not meet in Rairoa. The 
tirst-named atoll shows the same method of formation of the 
land by material piled up both from the lagoon side and the 
sea face ; material derived from the disintegration of the under- 
lying Tertiary limestone which crops out here and there along 
the sea face and the inner shores of the lagoon, or forms across 
the S.W. face of the lagoon an irregular disconnected part of 
the ring of islands and islets encircling that end of the lagoon. 
These islets and islands are more or less connected by fragments 
of the elevated limestone ledge, attesting its greater extension 
in past times. The outer rings of both these atolls are covered 
with vegetation. We could see in the lagoons several rocky 
islets, the fragments of the elevated limestone ledge. 

Mataiwa is interesting, as its lagoon is quite shallow; it is 
full of rocky islets, remnants of the underlying limestone ledge 
which crops out above the general level, and has a very narrow 
and shallow entrance, passable for boats only. Some of its 
islands are wooded and appear to have been formed by accre- 
tion of sand from the decomposing ledges of the lagoon. 
The outer ring of laud appears formed by sand banks driven 
in from the sea face and driven out from the lagoon side by 
tbe action of the waves. It is evident that such a lagoon as 
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Mataiwa could readily be closed to any access to it by the sea, 
as it now has only one very narrow and very shallow boat pas- 
sage connecting the lagoon with the sea on the lee side. 

It was with great interest that we approached Makatea, as it 
is the only high elevated island of which Dana speaks as occur- 
ring in the western Paumotus. For though ho mentions some 
others as possibly having been elevated 5 to 6 feet, yet he con- 
sidered them all, as well as Makatea (Metia or Aurora, of Dans^ 
as modern elevated reefs. Yet from the very description given 
by him of the character of the cliflFs and of the surface of 
Makatea, I felt satisfied that it was composed of the same ele- 
vated coralliferous limestone so characteristic of the elevated 
reefs of Fiji, and which from the evidence of the fossils and 
the character of the rock, both Mr. Dall and myself have been 
led to regard as of Tertiary age. 

As we approached the island from the northwest it soon 
became evident that it presented all the characteristics to which 
I had become so accustomed in Fiji, and, upon landing, this 
was found to be the case. The cliffs had the same appearance 
as those of Vatu Leile, Ongea, Mango, Kambara, and many 
other elevated islands of Fiji. There were fewer fossils per- 
haps, but otherwise the petrographic character of the rock was 
identical with that of Fiji. Mr. Meyer collected upon the top 
of the second terrace a number of fossils similar in all respects 
to those we found in the Fiji elevated coralliferous limestones. 

The southwestern extremity of the island sloped gradually 
to the sea and showed two well-defined terraces. The lines of 
these two terraces could, as a rule, be traced along the faces of 
the vertical cliffs by the presence of caverns along the lines of 
those levels, similar to the lines of caverns indicating the line 
of present action of the sea at the base of the cliffs. As we 
steamed around the island there were distinct indications of 
two additional terraces on the line of the vertical cliffs on the 
weather side of the island. The position of these terraces was 
usually more clearly seen along the face of the cliffs at prom- 
inent points where they were undercut much as I have figured 
them for certain cliffs in Vatu Leile, in Fiji, in my report on 
the islands and coral reefs of that group. 

Of course it is premature, from this examination of the 
western extremity of the Paumotus, to base any general con- 
clusions regarding the mode of formation of those atolls ; cer- 
tainly as far as I have gone there is absolutely nothing to show 
that the atolls of the Paumotus have not been formed in an 
area of elevation similar to that of Fiji. The evidence itt 
Rairoa and in the atolls of the western I^aumotus is very defi- 
nite. Makatea is an elevated mass of coralliferous limeston^^ 
similar in all respects to masses like Vatu Vara, Thithia, anA 
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rs in Fiji. Like them, Makatea is surrounded by a coni- 
tively narrow shore platform cut out from the base of the 
stone cliffs and on the seaward extension of which corals 
' abundantly to depths of 7 to 8 fathoms, when they appear 
ecome very much less numerous. So that it is not un- 
ral to look upon the area of the Paumotus, as I am inclined 
), as one of elevation, the raised and elevated land of which 
)een affected much in the same way by denudation and by 
on, as have the masses of elevated coralliferous limestone 
iji. Only, there seems to have been, from the evidence 
far presented a far greater uniformity in the height of 
levation of the Paumotus. This would render the explana- 
I have given less evident had I not the experience of 
?iji group to guide me. I am informed that there are 
r islands and atolls in the Paumotu group showing traces 
lis elevation, so that I am at any rate justified in denying 
the Paumotus as such are situated in an area of subsi- 
e, and that subsidence has been the great factor, as is 
tained by Darwin and Dana, in the formation of the char- 
istic atolls of the group. 

may be well to point out also that the Paumotus, like the 
luesas on one side and the Society Islands on the other, 
ituated upon a plateau similar to that upon which the last 
tioned groups are placed, a plateau rising from a gen- 
oceanic basin which surrounds them and which has a depth 
•rom 2300 to 2500 fathoms, the plateau itself having a 
-h of 1200 to 1500 fathoms. Furthermore, evidence of 
elevation is found at the two extremities of the Paumotu 
:eau, at Makatea, an elevated island consisting of Tertiary 
illiferons limestone, and at Gambier Islands, which are 
:anic islands of considerable height. 
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Art. VI. — So7ne Analyses of Italian Volcanic Rocks 

by Henry I§. Washington. 

[Continued from p. 294, vol. viii.] 

Giminite^ Monte CiminOy Viterho, — In 1896* I desc 
certain trachytic rocks from this region, giving them the i 
of ciminite, derived from this locality, where they are i 
in typical development. They are composed essential! 
alkali and lime-soda feldspars, angite and olivine, the pre 
of the last mineral and tneir more basic character distinj 
ing them from the closely related vulsinites. Both fp 
chemical and mineralogical point of view they stand i 
mediate between the trachytes and the andesites and ba 
and are hence monzonitic in character. They belong t 
gronp which Rosenbusch has called andesitic trachytes 
trachydoleritesf and for which RansomeJ has proposec 
name of latite. 

As another analysis seemed desirable to establish the 

more definitely, one was made of a specimen from a fl< 

La Colonetta, on the south slope of Monte Cimino. 

rather dark gray, dense and compact, with some vesicles 

few phenocrysts of glassy feldspar (orthoclase and labrad( 

augite and olivine are visible. In thin section it resei 

those already described, though olivine phenocrysts are \ 

what more abundant, and the groundmass is denser, ¥ 

felt of minute orthoclase and some labradorite laths lyinj 

glassy base. 

I 11 in 

SiO, 57-31 55-44 6o-46 

TiO, 0-40 0-16 0-16 

A1,0, 14-71 18-60 15-36 

Fe,0, 1-21 2-09 1-34 

FeO 4-37 4-48 450 

MnO trace trace trace 

MgO 7-80 4-75 7-90 

CaO G-90 6-70 6-69 

BaO none 

Na,0 1-35 1-79 1-79 

K,0 6-38 6-03 6-63 

H,O(110°~)[ 0-15 

H,O(l]0° + ) ) ■-- ^^^ ^ 0-23 



P^O, trace trace 

10061 300-95 10021 

♦Jour. Geo!., iv. p. 834, 1896; also v, p. 351, 1897. 

\ Rosenbusch, Elemente der Gestcinslehre, p. 339, 1898. 

X RdDSome, this Journal, vol. v, 355 and 364 ff, 1898. 
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L Ciminite. La Colonetta, Monte Cimino. 

I. Ciminite. Fontana Fiescoli,* Monte Cimino. Jour. Geol.^ 

iv, p. 837, 1896. 
I. Ciminite. Fontana Fiescoli, Monte Cimino. New analysis. 
Tlie analysis (I) shows very clearly the intermediate char- 
ter of these rocks in its medium SiO„ rather low A1,0„ and 
gh MgO, CaO and K,0, which, taken together, are neither 
imracteristic of an andesite or basalt on the one hand nor of a 
lu^hyte on the other. Since the rock is not holocrystalline a 
^termination of the relative mineralogical composition is not 
irfectly sure, but a calculation based on the analysis indicates 
at, if the crystallization had been complete, the composition 
onid have been as follows : 

Ortboclase 37*9 

Labradorite (Ab^AnJ 26*5 

Diopside 16*5 

Olivine 17'3 

Magnetite 18 



100-0 



For comparison the original type analysis is reproduced in 
\ It ^ill be seen that the two resemble each other in all 
irticnlai*s, except in A1,0, and MgO, which are respectively 
'Wer and higher in the latest analysis. Suspicion was natu- 
Jly aroused that in the older analysis, which, it may be men- 
oned, was the first complete rocK analysis made by me, part 
\ the MgO had been thrown down with the A1,0, and Fe,0,. 
his is a mistake which is frequently made by chemists inex- 
erienced in rock analysis, and one to which attention has been 
illed by Pirsson,t Hillebraud:}: and myself.§ 

This supposition has been confirmed by a partial analysis, 
Jcently made, with an especially careful redetermination of 
IgO, several precipitations with NH^HO in presence of suflS- 
ient NH^Cl being made. In basic rocks a sodium acetate 
recipitation is always advisable. The results of this, com- 
ined with the reliable determinations of the first analysis, are 
;iven in III. This new analysis, it will be seen, corresponds 
ery closely with that of the rock from La Colonetta, so that 
he chemical character of the type is well fixed. 

It is with mixed feelings that I thus repudiate a former 
walygis, but the experience is of service to myself, as well as 

*In former papers this name was erroneausly given as '* Fiesole " following an 
incorrect Austrian map. The spelling *' Fiescoli " ia that used on the Italian 
loverument maps. 

tPireaon, Jour. Geol., iv. p. 688. 1896. 

{Hillebrand, Bull. 148, U. S. 0. S., p. 39, 1897. 

SWashmgton, Jour. Geol., vii, p. 463, 1899. 
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to others, it is to be hoped, in emphasizing the necessity for 
extreme care in the determination of MgO, the neglect of 
which has rendered unreliable, as regards A1,0, and MgO, 
many an otherwise good analysis. 

^' Mica-trachyte " {Selagite), Monte Ca^ini, Tuscany. — The 
occurrence of this interesting ifock forms part of a small hill, 
southwest of Voltorra, with an area of about half a square 
kilometer. A rough columnar structure is quite evident. 
According to Reyer* the rock forms a surface flow, while 
according to Lotti,f with whose conclusions my own observa- 
tions agree in the main, it forms a sort of stock or volcanic 
neck, which has come up through Tertiary marls. The age of 
the intrusion is undoubtedly f ost-Eocene, and very probably 
Post-Pliocene, since marls apparently of this age have been 
altered at the contact.:}: Copper ores (erubescite, chalcopyrite, 
chalcocite, etc.) are mined in the vicinity, they occurring in 
connection with dikes of diabase or gabbro. The most 
abundant salt springs of Italy, from which the government 
obtains the greater portion of the salt used in the kingdona, 
are in the Val di Cecina near by. 

The rock has long been known, having been described by 
Hauy,§ who named it " selagite," by which name it has been 
called by Italian geologists. Briefly noticed by various writers, 
it was first accurately described by Rosenbuschf in 1880, to 
whose description but little can be added. 

The rock specimens show very many brown biotite flakes 
scattered through a dull, somewhat earthy, fine-grained, green- 
ish-gray groundmass, giving it much the appearance of a 
minette. Under the microscope, sections show phenocrysts of 
biotite in large thin plates. Tnese are of a rather pale pinkish 
or yellowish brown color, and are not very pleochroic. Many 
of them are quite colorless at the center, and occasionally one 
sees what seems to be a skeleton development, at the borders, 
producing, in basal sections, a fringe of small irregular hex- 
agonal forms about the edges of the solid, and generally lighter 
colored, interior. 

The groundmass is composed of small colorless crystals and 
anhedra of diopside, some green, fibrous, pilitic pseudomorphs 
after olivine, none of the original mineral being detected, and 
long narrow laths of feldspar, which is unstriated, and gen- 
erally extinguishes parallel to the long axis, but which the 
investigations of Rosenbusch showed to be of both alkali- 

*Reyor, Aus Toskana, Wiea, 1881, p. 55. 
t Lotli, Boll. R. Com. Oeol. Ital , 1884, p. 36. and fig. I, pi. viii. 
JLotti. Boll. R. Cora. Gool. Iial., 1885, p. 254. 

§ Of. Zirkel, Lchrbuch, ii, p. 386, 1894, and Loewinson-Lessing, Petr. Lex., 
p. 213, 1894. 

I Rosenbusch, Neues Jabrb., 1880, ii, p. 206. 
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and oligoclase. The amount of lime found on analysis 
) that the latter is present in considerable quantity, 
dspars are frequently branched and tend to assume 
idal forms. This is especially well seen in specimens 
) contact with the marls, in which, although much 
>8ed, the branching of the feldspars (here more slender) 
developed. A few stout irregular grains of quartz 
tly secondary) and small apatites and magnetites are 
but are not common. Scarcely any true glass could 

out with certainty. 

the freshest specimens from newly qnarried large 
ire somewhat decomposed, since the olivines are all 

altered to pilite, but the diopside, the feldspars, and 
ily the biotite, are quite unaltered, so that it is prob- 
t the analysis represents very well the composition of 
I rock. This, made on the freshest piece obtainable at 
ry of Signor Ireneo Capelli, is given in I. 
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^te (" Mica-trachyte "), Monle Catioi, Tuscany. WasbiDgton anal. 

te-vuIsiDite, Monte Santa Croce, Rocca Monfioa. Washington anal. 

)ur. Geol , v, p. 252, 1897. 

ite-latite, Table Mountain, Sierra Nevada, Cal. Hillebrand anal. 

umer, 14tb Ann Rep. U. S. G. S.. p. 491, 1894. 

linite, Bolsena, "Washington anal. Jour. Geol., iv. p 552, 1896. 

Einzite, San Venanzo. Umbria, Rosenbuach, op. cit. infrh., p. 113. 

•mingite, Leucite Hills. Hillebrand anal. Cross, this Journal, iv, 

130, 1897. 
'tte, Kirschhauser Thai, Odenwald, Lepsius in Zirkel, Lehrbuch, ii, 

349. 1894. 
te, Osann anal., Zeit. deut. Geol. Gcs., xli, p. 311, 1889. 

oteworthy features of this are the medium SiO„ high 
,0 and TiO,, moderate CaO and low Al^O, and Na,0. 
itially monzonitic or latitic character, and the resem- 

ng 019 BaO and trace of SrO. 

ng 04 CraOa, 062 BaO, 019 SrO, 0-06 SO,, 03 01, and 044 F. 

ng 1-13 FeSj and trace SO,. 
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blance to some analyses of minettes are at once evident, though 
these last usually show less silica. It may be noted in this con- 
nection that Rosenbusch* has alreadjjr spoken of it as "a 
younger equivalent of certain minettes." The nearest approach 
to it among the various minette analyses which I have exam- 
ined is that of Lepsius of a dike in the Odenwald, as given in 
VI, which, although somewhat decomposed and with notably 
lower potash, is of essentially the same character. Another 
rock with which this may be comparedf is the verite of Osann 
(VIII), in which, however, the alkalies are in inverse ratio. 

But it is of special interest to compare the rock at present 
under discussion with others from its own region. That with 
which it presents the closest analogies are the ciminites,:}: the 
analyses of which have just been given. Although they differ 
to a small extent in certain particulars, as in TiO„ A1,0„ CaO 
and Na,0, yet the general correspondence is remarkably close. 
This is of interest since they differ considerably in mineralog- 
ical composition, the abundant and prominent biotites of the 
Tuscan rock beinff entirely absent in the ciminite, while the 
latter carries a plagioclase richer in lime, more abundant oli- 
vine and orthoclase, and less augite. They form another addi- 
tion to the growing list of cases of magmas of similar chemical 
composition solidifying under diverse conditions to form quite 
different mineral aggregates. 

With this may also be compared the so-called biotite-vulsin- 
ite of Rocca Monfina, the analysis of which is given in II. 
This has been described elsewhere,^ but it may be recalled 
that it is composed of alkali-feldspar and labradorite, biotite 
and diopside, with no olivine. The analysis, as compared with 
I, shows higher A1,0, and CaO, and lower MgO and K,0, 
standing between those of the Monte Catini rock or the cimi- 
nites and those of the vulsinites, one of which is given for 
comparison in IV. While in II, AlgO, may be a trifle high 
and MgO a trifle low, yet the analysis corresponds so well with 
the appearance of the rock in thin section that it may be 
regarded as quite trustworthy. The absence of olivine corre- 
lated with lower MgO is of especial importance. There was 
sufficient MgO in the selagite magma to allow the formation 
of olivine after the crystallization of the biotite, while in the 
biotite-vulsinite the early formation of this mineral and augite 
used up all the available supply. As regards the olivine-bear- 
ing ciminites, attention has ah-eady been called to the fact that 

♦Rosenbusch. Xeues Jahrb., 1880. ii, p. 206. 

t Rosenbusch (Klcm. Gesteinslchre, 1898, p. 301) has already noted the reaem* 
blance between the two rocks. 

X The probability of this close resemblance has been already suggested. (Jour. 
Geol., V, p 354, 1897.) 

g Jour. Geol., v, p. 251, 1897. 
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in effnsive magmas the potential biotite molecule seems to tend 
to split np, yielding olivine and orthoclase,* which would 
explain the main differences between the ciminite and selagite. 

Indeed, we have in these rocks excellent illustrations of this 
tendency of the complex biotite molecule to crystallize as 
biotite in intrusive masses, while it splits up into olivine and 
either orthoclase or leucite in extrusive flows. The ciminites 
are all flows, so far as have been observed, while the chemically 
identical sel^ite forms, as has been said, a stock or volcanic 
neck. Exactly parallel with these are the biotite-vulsinite of 
Rocca Montina (II), and the augite-latite of Table Mountain in 
California (III), which has been described by Turnerf and 
Ransome.j: 

The former, rich in biotite and without olivine, forms either 
a domal eruption which took place in the already eroded or 
exploded volcano, as was formerly suggested,§ or the last 
npwelling of lava, which plugged up the conduit of the vol- 
cano, and hence solidified under conditions analogous to those 
obtaining in an intrusive mass. The erosion of this volcano 
has been so extensive that this is quite possible, and, in view of 
later observations, seems to me the more probable. The latter 
rock is composed essentially of labradorite, augite and olivine, 
and a glass, which, from the analysis, would have crystallized 
largely as orthoclase and is quite free from biotite. The 
extremely close parallelism or the two analyses is certainly 
remarkable, and strongly suggestive of this idea, that the 
diverse mineralogical compositions were determined by diverse 
conditions of solidification. 

Another rock of interest in this connection is one from San 
Venanzo in Umbria, recently described by Sabatinif under the 
name of venanzite, and later by Rosenbusch.Tf who calls it 
euktolite. It is an effusive, olivinemelilite-leucite rock, with 
accessory biotite. The analysis, as given by Rosenbusch, is 
reproduced in V. Although the venanzite is mineralogically 
quite different, and chemically much more basic, yet the close 
analogy between the two will be evident on comparing the 
analyses. They both show the same features of low Al^O, and 
Na,0, and high MgO, CaO and K,0 ; i. e., in their general 
characters they are both monzonitic, or theralitic, as Rosen- 
busch prefers to call it. 

•Iddings. Bull. Phil. Soc. Wash, xii, pp.166, 172,1892; Backstrom, Geol. 
For. Forh., xviii, p. 165, 1896: Pirsson, Jour. GeoL, iv, p. 687, 1896; Washington, 
Jour. Geol, v, 369, 1897. 

fTuraer, 14th Ann. Rep. U. a G. S„ p. 491, 1894. 

X Ransome. this Journal, v, p. 361, 1898. 

§Jour. Geol, v, p. 244, 1897. 

I Sabatini, Boll. R. Com Geol. Hal., 1898. 

^ Rosenbusch, Sitz. ber. Berlin, Akad., vii, p. 110, 1899. 

Am. Joub. Sci.— Fourth Serjes Vol. IX, No. 49.— January, 1900. 
4 



60 WashingUyii — Analyses of Italian Volcanic Rocks. 

The close correspondence, chemically, of venanzite with 
the madnpite of the Leucite Hills in Wyoming was pointed 
out by Rosenbusch, and it is very interesting to observe that 
the analysis of selagite is very similar to those of wyomingite 
and orendite from the same region. An analysis of wyomingite 
is given in VI, and, although a little lower in SiO, and A1,0,, 
and considerably higher in K^O, yet the general chemical 
resemblance between the two magmas is obvious. Wyomingite, 
it will be recalled,* is composed of leucite, pyhlogopite and 
diopside, and hence differs considerably from the selagite in 
mineralogical composition. 

It may seem at first sight that, since the wyomingite is at 
the same time a flow and rich in phlogopite, this analogy in 
chemical composition militates against the views on the split- 
ting up of the biotite molecule which have just been expressed. 
Examination of the analyses involved, however, shows that, 
while that of wyomingite is similar in general character, it 
differs from the others in important particulars. It is, espe- 
cially as compared with theciminite analysis given on page 44, 
lower in SiO,, A1,0„ and at the same time very much higher in 
KjO. The consequence of this would be that as there was not 
enough A1,0, to satisfy all the K,0, the surplus of this condi- 
tioned the formation of the potash-mica, phlogopite. 

As an instance of the complexity of these problems the case 
of the biotite-augite-latites may be mentioned, which have 
been described by Ransome in the paper cited above. While 
these also resemble in general features the other analyses, yet 
they differ in the much higher content of SiO„ this being 61 
to 66 in analyses quoted by him.f Here we have, apparently, 
the additional factor introduced of the tendency of biotite to 
form in the more acid magmas, while augite forms in the more 
basic, but otherwise analogous, magmas. 

It is evident from the foregoing that the name of mica-tra- 
chyte is a misnomer, both chemically and mineralogically, and 
that andesite is equally inappropriate. While the rock is 
chemically equivalent to the ciminites, yet the abundant bio- 
tite, which gives it a characteristic lamprophyric appearance, 
serves to distinguish it sharply from these, and at the same 
time its more basic composition and content of olivine separate 
it from the vulsinites. It would seem then advisable to revive 
for it Ilaiiy's old name of selagite, meaning thereby a latitic 
rock, of lamprophyric appearance or structure, composed essen- 
tially of alkali and soda-lime feldspars, biotite, diopside and 
olivme, and with a chemical composition approximating to that 

*Cf. Cross, this Journal, iv, p. 138, 1897. Ele remarks on its lamprophjric 
character. 

t Ransome, op. cit , p. 363. 
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of the analysis here given. It might also, with propriety, be 
called a minette, thoagh it is rather acid for this, and the name 
is at present generally applied to rocks occnrrihg in dikes. 

Andesite^ Radicotani^ Tuscany, — Northeast of Lake Bol- 
sena, and east of Monte Aniata, there rises through the Plio- 
cene marls a volcanic plug or neck, which forms a steep hill, 
crowned with a ruined castle, and with the small village of 
Sadicofani at its southern foot. It resembles very much the 
volcanic necks of Uvalde County, Texas, as described by Hill 
and Vaughan.* 

The neck is composed for the most part of a dense black, 
basaltic-looking rock, which is light gray and andesitic in places, 
while at the top of the hill it is reddish and highly vesicular.f 
A columnar structure is shown here and there, but it is not 
highly developed. The accumulation of talus at its base 
absolutely forbids any study of the contact, but no signs of 
nietamorphism were visible in the marls outside the talus slope. 

The locality and the rock have been described by vom Rath,:}: 
Bacca§ and Mercalli,|| but a short account of my specimens 
will not be out of place. Megascopically the predominant 
<lark variety is black and aphanitic, with some scattered minute 

{)henocry6ts of diopside. The lighter kind, which occurs in 
ess quantity, is rather pale gray, also dense, and shows small, 
yellowish phenocrysts of diopside and olivine. It has the 
appearance of being a bleached facies of the darker kind, but 
the results of the analyses do not bear out this supposition. 

In thin section little difference is observable between the 
two varieties. They are both basaltic in structure, and show 
crystals and fragments of pale green or colorless diopside, 
some labradorite, and rare crystals and fragments of olivine, 
lying in a groundmass of diopside grains, labradorite laths, 
magnetite and apatite, with some leptomorphic orthoclase (?), 
and interstitial, brown globulitic glass. 

An analysis was made of specimens of each variety, and the 
results are given in I and II. They are not entirely satisfac- 
tory, both summing up too high, and there seems to be a small 
constant error, which I am not able to place without duplicate 
analyses, for which time is lacking. They must, however, rep- 
resent fairly well the composition of the rocks, and are interest- 
ing in being almost identical, so much so as to pass muster for 
duplicates. This was somewhat surprising in view of their 
quite different megascopic appearance, but the study of thin 

♦Hill and Vauf?han, 18th Ann. Rep. U. S. G. S., p. 202 and pi. xxii, 1898. 
fThis summit scoria is largely used in the country round about for scraping 
the hair ofif of pig skins, and is hence rapidly disappearing. 
t Vom Rath, Zeitechr. d. d. geol. Ges.. xvii, p. 405, 1865. 
SBucca, Boll. R. Com. Geol. Iial., 1881, p. 274. 
I Mercalli, Atti Soc. Ital. Scl. Nat., xxx, 1887. 
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sections showed that it was to be expected. In their general 
features they resemble analyses of andesites, though possibly 
somewhat basic, and in this way approaching the basalts. It 
has been noted also that olivine is rare. The alkalies amount 
to somewhat more than five per cent, and K,0 molecularly is 
higher than !Na,0, though not as much so as in most other 
Italian rocks. The analyses do not differ radically from the 
older ones of vom Rath and Ricciardi, which are given for 
comparison. The large amount of SO, in Ricciardi's analyses 
is surprising, since no noselite could be found. 

I II III IV Y 

SiO, 54-14 54-56 65-00 53-63 55*23 

TiO, 1-23 110 

A1,0, 16-42 16-49 1438 14-17 14-06 

Fe,0, 169 1-02 1-46 5-06 

FeO 5-26 565 9*29 807 412 

MnO trace trace trace 0-57 

MgO 8-44 8-57 7-72 7-05 400 

CaO 8-05 7-95 8 51 8-52 9-34 

Na,0 2-20 2-07 225 1-80 2-07 

K,0 3-34 3 35 2 52 2-03 2-43 

H,0 0-56 015 0-48 2-01 ' 1-07 

P,0, 0-93 1-33 

SO, 0-62 0-84 

101-33 100-91 100-15 100-29 100-12 

I. Andesite (black), near Castle Gate, Radicofani. Washington 

anal. 
II. Andesite (gray), west of village, Radicofani. Washington 

anal. 
III. Andesite (gray), Radicofani, vom Rath, Zeit. deut. Geol. 

Ges., xvii, p. 405, 1865. 
lY. Andesite (black), Radicofani. Ricciardi anal. Mercalli, Atti 

Soc. Ital. Sc. Nat., xxx, p. 4, 1887. 
V. Andesite (gray), Radicofani. Ricciardi anal. Mercalli, 

op. cit., p. 8. 

I previously* expressed the opinion that these rocks were 
probably ciminites, bnt the examination and analysis of the 
specimens collected since then, the results of which have just 
been given, show that while they are analogous to them in cer- 
tain particulars, yet that they should properly be classed with 
the andesites, which, as well as the basalts, are rarely found on 
the Italian peninsula. The occurrence is of interest as show- 
ing that the Italian latites may shade off into true andesites 
and basalts, as well as into basic leucitic rocks. 

* Jour. Geol., v, p. 355, 1897. 
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\eucititej Capo di Bove^ Alban HilU. — Of the well- 
wn rocks oi the Alban Hills only the analyses made by 
isen in 1861 have been published.* It was, therefore, 
ight advisable to make a new analysis of one of these 
cs, and for this purpose a fresh specimen collected at the 
rries at Capo di Bove, near the tomb of Cecilia Metella, 

selected. The rock, a flow from the Alban volcano, is the 
I known one which is found in all collections, and does not 

for a lengthy description. It need only be said that this 
nmen is composed of leacite, melilite, nephelite, diopside, 
jnetite, a few flakes oi biotite, scarcely any apatite, and no 

8. 

I II III 

SiO, 45-99 46-93 46-51 

TiO 0-37 0-83 

A1,0, 17-12 18-72 11-86 

Fe,0, 4-17 7-69 

FeO 6-38 10-68 4-39 

MnO trace 0-22 

MgO 5-30 6-67 4-73 

CaO 10-47 10-57 7*41 

BaO 0-25 0-60 

SrO none 0-16 

Na,0 2-18 1-68 2-39 

KG 8-97 6-83 8-71 



H;0(110°)-) 1-10 

H,O(110^)+ f ------- ^^*^ ^^® 2-45 

100-65 100-67 99-73t 



Leucitite, Capo di Bove. Washington analyst. 

Leacitite, Capo di Bove. Bunsen analyst. Roth. Beitr. 

Petr., 1869, p. cii, No. 31. 
Leucitite, Bearpaw Mountain, Montana. H. N. Stokes anal. 

Weed and Pirsson, this Journal, ii, p. 147, 1896. 

he analysis, which resembles closely the older one of 
isen (II), except as to Al,0, and K,0, is characterized by 
1 K/3, CaO and iron oxides, and, for so basic a rock, quite 
1 Al,0, and low MgO. It was thought possible that the 
e error had been made in the determination of these two 
les which has already been noticed elsewhere. So a second 
ysis was made recently, which, however, gave results quite 
Srmatory of those of the earlier one. The figures given 
ve are the means of the two closely agreeing determinations 
ill the constituents, except 11^0. They may, therefore, be 
sidered reliable. 

aoth. Beitr. Petr. plut. Gest., 1869. p. cii, Nos. 30-33. 

ncludiDg 80 PaGa, 0*04 CI, 04 NiO and traces of CuO, CoO, F and SO,. 
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The apparently liigh A1,0, is largely taken up by the 
abundant leucite, while the melilite and especially the nephelite 
also demand quite an amount of it. Owing to tne compositioD 
of the melilite and diopside a calculation of the mineral cora- 

Eosition of the rock is not easy or satisfactory. Assuming, 
owever, that by far the greater part of the JK,0 and Na 
belongs in the leucite and nephelite, it is calculated that leucite 
makes up about 52 and nephelite about 10 per cent, leaving 
some 38 per cent of melilite, diopside and magnetite. It is 
diflScult to say exactly how these are distributed, but a rough 
estimate, combined with the microscopical examination, gives 
melilite and diopside each about 17 per cent and magnetite 
about 5 or less. 

In the leucitite of Bearpaw Mountain, Montana (III), 
described by Pirsson,* MgO is also low, though A1,0, is con- 
siderably lower than in the Alban rock. The Montana rock, 
however, is composed only of leucite (57'J per cent\ diopside 
(31*1 per cent) and magnetite (11*8 per cent), ana contains 
neither nephelite nor melilite. 

Comparison of these analyses with that of venauzite given 
on a preceding page is of interest. The lower SiO, and A1,0, 
and higher MgO in this latter have conditioned the abundant 
olivine and considerable biotite, both of which are wholly 
absent in the leucitite. The nepheline of the latter at the 
Alban Hills is, conversely, lacking in the venanzite. 

In this connection I would express my complete agreement 
with Dr. Crossf in his suggestion that " the term leucitite be 
reserved for the rock which has not yet been discovered, con- 
sisting essentially of leucite, with all other minerals of subordi- 
nate importance. There is good reason to believe that such 
rocks are possible and will be found at no distant day. The 
same suggestion is made for nephelinite, on the same grounds." 

Following out this idea it is evident from the above esti- 
ment of the mineralogical composition of the Capo di Bove 
rock, however crude it may be, that the term leucitite is not 
quite appropriate. The same would hold true of the term as 
applied to any of the Italian or other leucitites so far as known. 
The present is not the place for any discussion, nor for the 
bestowal of new names, but the fact is obvious that a critical 
revision and reclassification of all the leucitic rocks is highly 
desirable. 

Locust, N. J., November, 1899. 

* Weed andPirsson, this Journal, ii, p. 143, 1896. 
f Cross, this Journal, iv, p. 137, 1897. 
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Art. VII. — The Constitution of the Ammonium Magnesium 
Arseniate of Analysis ; by Martha Austin. 

[CoDtributioDS from the Kent Chemical Laboratory of Yale University — XCII ] 

The striking analogy between the phosphates and the arse- 
niates led Levol* to undertake the separation of an ammoniura 
arseniate corresponding to the ammoniura magnesinm phos- 
phate, the composition of which Berzelius had given. Levol 
states that ammonium magnesium arseniate of the composition 
NH^MgAsO^.lOfl^O is obtained by adding a solution of a 
double ammonium magnesium salt to arsenic acid, and that it 
is a salt possessing about the same degree of solubility in water, 
in ammoniacal water, and in ammoniacal water containing mag- 
nesium salt, as the corresponding phosphate. Further, he 
found that by heating this salt to red heat after carefully dry- 
ing, magnesium pyroarseniate was given, from which arsenic 
can be estimated readily. 

Wachf and H. Rose:}: obtained the ammonium magnesium 
arseniate containing six molecules of water of crystallization 
by precipitating arsenic acid with magnesia mixture and then 
adding an excess of ammonia, and by drying at 100® C. were 
able to estimate the arsenic present as the ammonio-magnesium 
arseniate containing one-half molecule of water. This method 
seemed to offer an advantage over the method of estimation as 
the pyroarseniate, for results obtained below the theoretical 
amount of arsenic present gave rise to the suspicion that dur- 
ing ignition arsenic was reduced by the ammonia driven off. 
Rose attempted in another way to avoid this loss by igniting in 
a current of oxygen ; and later ReicheliJ: ignited the residue 
after carefully saturating it with ammonium nitrate and nitric 
acid, and drying at 100° C. Rammelsberg§ believed that it 
was safer to ignite after drying at 120° C. because drying at 
100-110° C. caused a loss of ammonia before ignition. Kaiser^" 
dried the residue in a current of air. 

A second source of error discussed by H. Rose,** Fresenius 
and others is due to the solubility of the ammonium mag- 
nesium arseniate in water, in ammoniacal water, and ammonia- 
cal water containing magnesium salts. Woodff attempted to 
avoid this by precipitating the ammonio-magnesium arseniate 
with an alcoholic magnesia mixture, and by washing the pre- 
cipitate with an alcoholic solution, by weighing the residue 

* Ann. de Chim. et de Phys., III. xvii, 501, 1846. 

f Scliweigjjjer, Journ. i. Ch. u. Phys., lix, 297. % Ann. d. Phys , Ixxvi, 20. 

ii Ber. d. d. Chem. Gesell., xiv, 279. | Ber. d. d. Chem Gesell , vii, 544. 

^Zeitschr. f. Anal. Cliem.. xiv, 250. **Zeitschr. f. Anal. Chem., iii, 206. 

tt This Journal, III, vi, 368. 
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ignited in a crucible held in a second protecting crucible, after 
treating with nitric acid and ammonium nitrate, he obtained 
concordant results. Brauner* followed this method with 
success. 

As has been shown bj Dr. Hugo Neubauer,t ammonium 
chloride tends to form a phosphate of magnesium too rich iD 
ammonia, and in papers:}: from this laboratory it has been shown 
that the tendency of ammouia and ammonium chloride is to 
cause the replacement of some of the metal in the ammonium 
phosphate of manganese, of magnesium and of other metals in 
the second group of Mendeleeff, giving phosphates too rich in 
ammonia for the ideal constitution. The marked similarity as 
to behavior between the phosphates and the arseniates led to 
the investigation of the constitution of the ammonium mag- 
nesium arseniate under the usual conditions imposed in analy- 
sis, and, further, to the effect of ammonium chloride on the 
salt of ideal constitution. 

In the table which follows are recorded a set of qualitative 
tests, in which the hot filtrates were tested by hydrogen sul- 
phide in presence of hydrochloric acid. These tests were 
made to show under what conditions of volume, given amounts 
of arsenic acid can be entirely removed by magnesia mixture 
from ammoniacal solutions alone, or from ammoniacal solutions 
containing ammonium chloride. The ammonium chloride for 
this work was carefully purified by heating it to boiling teni- 
perature in concentrated solution — 1 grm. to 3*^* — with 
ammonia in slight excess. The magnesia mixture was prepared 
by dissolving one hundred and ten grams of the crystallized 
magnesium chloride in a small volume of water, filtering and 
adding to it fifty-eight grams of ammonium chloride in solu- 
tion, purified by adding bromine water and bleaching with 
ammonia, filtering and then diluting to a volume of two liters, 
adding enough ammonia — 10^^ — to make this solution smell 
distinctly of ammonia. 

The results (1) to (3) recorded in the table were obtained by 
precipitating the arsenic present in solution by means of the 
magnesia mixture prepared as described and rendering the 
solution distinctly ammoniacal. After standing until the pre- 
cipitate subsided, the solution was filtered and tested for 
arsenic by hydrogen sulphide. Within certain limits of vol- 
ume all the arsenic is removed from solution by the magnesia 
mixture. In case of (3) two additional amounts of the pre- 
cipitant had to be made in order to remove the arsenic, the 

* Zeilschr. f. Anal. Chem., xvi, 57. 

f Zeiischr. f. Anorg. Chem., ii, 45 ; iv, 251 ; x, 60. Zeitschr. f. Angen Chem., 
1896, 435. Jour. Amer. Chem. Soc., xiv, 289. 
i This Jourual, vi, 233 ; vii, 187 ; viii. 206. 



Ammonium Magnesium Arseniate of Analysis. 57 

ition being ammoniacal. Sesalts (4) to (10) of the table 
e obtained in the same manner as (1) to (3), the amount of 
mic acid present being increased ten times. In (9) and (10), 
ire the smaller amounts of magnesia mixture were used, 
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Arsenic 














present 










Indications 




in terms 


Magnesia 






of arsenic in 


Volume. 


of AssOft. 


mixture. 


NH4OH. 


NH4C1. 


the filtrate by 


cc. 


grm. 


cc. 




cc. 


grm. 


H,S. 


1 100 


•05 


20 


slight excess 


^ ^ 


none 


1 200 


•05 


20 


cc 


cc 


.. 


cc 


1 300 


•05 


I 20 
"20 

III 20 


a 


cc 


• • 


' present 
" present 
"' none 


200 


•5 


50 


cc 


cc 




none 


300 


•5 


50 


cc 


cc 




present 


300 


•5 


60 




2 


. ^ 


cc 


200 


•6 


50 




4 


^ ^ 


cc 


1 200 


•5 


30 




2 • 




present 


1 200 


•5 


^30 
"10 




4 


-- 


' present 
"none 


100 


•6 


^30 
"10 




2 


* A 


' present 
" none 


130 


•5 


50 


excess 


10 


present 


200 


•5 


50 




(C 


10 


cc 


. 150 


•5 


15 




cc 


10 


none 


1 250 


•5 


lb 




cc 


10 


pi*esent 


1 300 


•5 


15 




2 


10 


trace 


1 400 


•5 


75 




2 


10 


present 


1 285 


•5 


100 


excess 


10 


none 


1 215 


•5 


100 




cc 


20 


none 


1 335 


•5 


100 




C( 


60 


present 


1 360 


•5 


125 




cc 


60 


present 


) 360 


•5 


150 




cc 


60 


none 



litional portions had to be added before all the arsenic was 
loved from solution. When the larger amounts of ammonia 
re used the results did not seem to be influenced, (7) and 
. The results recorded in (11) to (21) were obtained by pre- 
itating the arsenic in solution in presence of ammonium 
oride by the magnesia mixture. It is evident that the 
isence of ammonium chloride causes some ai'senic to be dis- 
ved and further that this solvent eifect is overcome by the 
ignesia mixture added in larger amounts, even when the 
ifHonium chloride present amounts to sixty grams in weight, 
in (21). 
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In order to find how much arsenic is dissolved from the 
ammonium magnesium arseniate once precipitated so that no 
arsenic is left in solution, experiments were made in which the 
arsenic in the filtrate was weighed after precipitating by hydro- 
gen sulphide in hot acid solution, filtering off on asbestos under 
pressure, washing successively with water, alcohol, carbon 
disulphide, alcohol, and water, and drying at 100° C. 
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NH4OH 


ASaOft 


AsaOft found 


NH4OEI ID 200" 


S. G. 0-96. 


digeRted. 
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grm. 
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grm. 


grm. 


•• • » 


100 


0-5 
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0-5 
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100 




0-5 


00003 


100 




0-5 


00005 


10 




0-5 


0-0002 


10 




0-6 


00004 



It is evident from these qualitative tests that, so far as con- 
cerns the amount of Arsenic dissolved from the ammonium 
magnesium arseniate, it is safe to use a faintly ammoniacal 
wasnwater in small amounts — less than 100^ — to remove traces 
of reagents from the residue after it is gathered upon the 
asbestos felt. Usually 25-50*^ of washwater were used in rins- 
ing off the precipitate in the experiments abont to be given 
below. 

The solution of arsenic employed in this work was prepared 
by dissolving ten grams of pure arsenious oxide, carefully 
resublimed, in a platinum dish in an excess of pure nitric aciu 
and evaporating on the waterbath to dryness, dissolving the 
arsenic acid prodnced in water and diluting to a volume of one 
liter in a standard flask. 

Definite portions of this solution were drawn from a burette 
into a platinum dish and precipitated with magnesia mixture 
prepared as described in the proportion shown necessary by 
the qualitative tests for the complete removal of the arsenic 
from solution, and the solution was made distinctly ammoni- 
acal. The precipitate, dissolved in hydrochloric acid in slight 
excess, was brought down again by ammonia in distinct excess. 
After standing until the precipitate had completely subsided, 
the precipitate was gathered on an asbestos felt in a perforated 

f)latinum crucible, making use of the filtrate to remove the 
ast portions of the precipitate to the felt, before washing any 
reagents from it on the felt with faintly ammoniacal water- 
After carefully drying, the residue was ignited to the pyro- 
arseniate. The results shown in A fall so far below the theory 
for magnesium arseniate that it seems evident that the arseniate 
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shows a tendency here to form a salt richer in ammonia than 
the ideal MgNH^AsO^, and yielding on ignition some meta- 
arseniate instead of the normal pyroarseniate. In section B 
the magnesiam ammonium arseniate was precipitated by add- 
ing to the solution of arsenic acid magnesia mixture containing 
no free ammonia in the proportion necessary (50^"*) to remove 
the arsenic from solution, and then making the solution dis- 
tinctly ammoniacal. After the precipitate had subsided, it was 
filtered oflE on asbestos unaer pressure in a perforated platinum 
crucible, washed on the felt with ammoniacal water, dried and 
ignited. These results are also below the theory for the pyro- 
arseniate. Evidently the conditions here are even better for 
the formation of the salt too rich in ammonia than they were in 
the first case. No arsenic* was found by hydrogen sulphide in 
any case either in the filtrate or in the washwater after acidify- 
ing and heating. j 

Table III. 

MgaAssO? correspondlDg to AsaOft. As<iOa 

found by 



Taken. Found. | Error. \IS in 

grm. grm. grm. the filtrate. 

0-7843 0-7800 , 0-0043— none 

0-7843 0-7794 0-0049— none 

* B 

0-7843 0-7772 0-0071— none 

0-7843 0-7769 • 00074— none 

In section A of Table IV the results recorded were obtained 
by precipitating definite portions of arsenic acid drawn from 
a burette into a platinum dish with the distinctly ammoniacal 
magnesia mixture in proper proportion, and afterward adding 
a little more ammonia, filtering off on asbestos under pressure 
in a perforated platinum crucible as soon as the precipitate 
subsided, washing off on the felt with ammoniacal water any 
of the reagents left on the precipitate in transferring it to the 
felt by using the filtrate, drying and igniting. No arsenic was 
fennd in any case in the filtrate or in the washwater by hydro- 
en sulphide. The conditions of precipitation here prove to 
such, as the results show, that the salt of ideal constitution 
is formed. Comparing these results with those of Table III, it 
seems that the conditions under which the salt of ideal compo- 
sition is formed are such that at the moment and in the locality 
of precipitation the amount of magnesium chloride in a certain 
volume of solution must be large in proportion to the amount 
of anomonia present as the chloride and the hydroxide ; other- 
wise the ammonium of the ammonium arseniate, naturally 
formed first, does not suffer sufficient displacement by mag- 
nesium to produce the normal ammonium magnesium arseniate. 



I 
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At all events, the treatment applied in the experiments of A 
resulted practically in the complete precipitation and in the 
production of a precipitate of nearly ideal constitution. 



Tablb IV. 
MgaAsaOT correspoDding to AssOa. 



M^fipaesia 



Taken. Pound. Error. mixture. NH4CL 

grm. grm. gnn. A oc. gnn. 

(1) 0-7843 0-7830 0-0013— 60 

(2) 0-7843 0-7849 0-0006— 60 

(3) 0-7843 0-7841 0-0002— 50 ' 

(4) 0-7843 0-7843 0-0000— 50 



f?l 
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(5) 0-7843 0-7763 0-0080— 76 10 

0-7843 0-7762 0-0081- 76 10 

D-7843 0-7832 0-0011— 100 10 

(8) 0-7843 0-7838 0-0005— 100 10 

(9) 0-7843 0-7784 0-0059— 100 20 

(10) 0-7843 0-7810 0-0033— 100 20 

(11) 0-7843 0-7849 0-0006+ 150 00 

(12) 0-7843 0-7846 0-0003+ 150 60 

In section B of the same table the results recorded show the 
effect of increased amounts of ammonium chloride on the 
constitution of the ammonium magnesium arseniate. Enough 
magnesia mixture was used in each case to remove the arsenic 
completely from solution. The precipitates were gathered on 
asbestos in a perforated platinum crucible and treated as those 
described in section A of the table. It is evident as shown br 
(5) and (6) of the table that ammonium chloride causes a 
replacement of some of the metal by ammonia in the ammo- 
nium magnesium arseniate (to form, possibly, a salt of the con- 
stitution Mg(Nn,),AsOJ though the solvent effect of the 
ammonium chloride is overcome by the addition of a suflScient 
amount of magnesia mixture. No arsenic appeared in the fil- 
trates, and, further, experiments (7) and (8) show that increas- 
ing the amount of magnesia mixture present will cause the 
formation of the salt of ideal constitution even in presence of 
considerable amounts of ammonium chloride. Indeed this is 
possible where as large an amount as sixty grams of the salt is 
present, as results (11) and (12) show. Obviously, ammoniuin 
chloride in any amount above what is required for the magnesia 
mixture tends to dissolve the precipitate, but this solvent effect 
may be neutralized by increasing the amounts of magnesi* 
mixture even though the precipitate formed is richer 1^ 
ammonia than the ideal salt. 
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In no one of the many precipitates tested by silver nitrate 
or inclnded chlorides was more than an inappreciable trace 
ound.. 

Evidently, when ammoniacal magnesia mixture, amounting 
o about thirty cubic centimeters in excess of the theoretical 
imount necessary to precipitate all the arsenic as the ammo- 
lium magnesium arseniate, is added to the faintly acid solu- 
ion of ai'senic acid (carrying no ammonium salts) in a volume 
lot exceeding two hundred cubic centimeters, the precipitate 
ippears to fall in ideal condition. If the precipitated salt is 
;ransferred to the filtering crucible by the aid of portions of 
he filtrate used as the washing liquid and finally washed on 
he asbestos with about twenty-five cubic centimeters of faintly 
immoniacal water — an amount which is quite suflScient after 
he transfer has been made — no arsenic gets into solution. The 
;veight of the carefully dried and ignited pyroarseniate indi- 
iates with accuracy the amount of arsenic present. 

I wish here to thank Professor F. A. Gooch for the help 
ind advice he has constantly given throughout this work. 



62 Sdentijlc Intelligence. 



SCIENTIFIC INTELLIGENCE. 

I. Chemistry and Physics. 

1. On the Use of the Method of Limiting Density in recalcu- 
lating Atomic masses, — It has been shown by D. Bbbthblot that 
the molecular masses of gases are proportional to their densities 
at infinitely small pressures and hence that they may be calcn- 
lated from data derived from compression. Results thus 
obtained for the atomic masses of hydrogen, nitrogen and carbon, 
as calculated from the limiting density of their oxides, are in good 
agreement with those obtained by chemical methods. More 
recent results give for carbon 12*0025 from acetylene, 12*000 from 
carbon dioxide and 12*007 from carbon monoxide; the most prob- 
able value being 12*005. For nitrogen 14*000 from nitrous oxide, 
the probable value being 14*005. For argon, from Rayleieh's 
values, molecular mass 39-882. For chlorine 35*479 from hydro- 
gen chloride, identical with Stas's value if 107*912 be accepted for 
silver. For sulphur, 32*046 from sulphur dioxide, Stas's result 
being 3 2 045. It would appear, therefore, that the physical 
method as devised by the author is capable of great accuracy.— 
C. B., cxxvi, 1501-1504, 1898. G. F. B. 

2. On the Newly Discovered gases and their JRelation to the 
Periodic Law. — A lecture on the new gases of the atmosphere 
has been delivered by Ramsay before the German Chemical 
Society. Deeming it possible that a group of elements may exist 
between the nitrogen group and the lithium group of the periodic 
system, such as He = 4, ? = 20, A = 40, the author examined 15 
liters of argon, liquefied in a Dewar's tube by means of boiling 
liquid air, and giving 25^<^ of a clear liquid having some solid 
flakes floating in it. On allowing the pressure on the boiling air 
to rise, the argon boiled off, the least volatile part being collected 
apart. This he calls metargon, though it has not been obtained 
free from argon, and has been but little studied. The first most 
volatile fraction, on cooling in liquid air, only partially liquefied. 
The remaining gas contained a new constituent which he called 
7ieon, though it was mixed with helinm and argon. Purified as 
far as possible it had a density of 10*19, and a refractive power of 
0*388. Its spectrum gave lines in the red of wave length 6402, 
6383, 6335, 6227, 6218, 6164, 6143, 6096, 6074, 6030; yellow (DJ 
5853; green 5401, 5341, 5331 ; blue 4716, 4722, 4710, 4709, 4704. 
If 1*67 is the ratio of its specific heats, its atomic mass is SO, 
corresponding to the missing element of the above group. On 
collecting separately the last portions of gas from the liquid air 
used for liquefying the argon, it was found to have a density of 
22*5, a specific heat ratio of 1*66, and to give spectrum lines in 
the red, yellow and green (5570). This gas he called krypton. 
Still another gas, accompanying argon in air, obtained, howeTer, 
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only in an impure state, had a density of 32*5 and was called 
xenon. It coold not be detected in the 15 liters of argon, but 
only in the large quantities of liquid air used. It has several lines 
in its spectrum but none are brilliant. — Ber, Berl, Chem, Oes.y 
xxxi, 3111-3121, Dec, 1898. G. p. B. 

3. On the Preparation of Calcium and Calcium hydride, — By 
the electrolysis of anhydrous calcium chloride in a graphite cruci- 
ble containing a porous cell von Lbngybl has obtained metallic 
calcium. The positive electrode was placed in the crucible and 
the negative in the porous cup, a current of 10-18 amperes under 
a pressure of 70-1 10 volts being employed. On placing the regu- 
lus obtained in anhydrous ether a product is obtained containing 
99*2 per cent of calcium. The metal has a density of 1 '5540 at 
18% resembles in color a gold alloy rich in silver, is not affected 
by cold dry air, but burns brilliantly at a red heat. It unites at 
ordinary temperatures with hydrogen to form the hydride CaH^, 
the action being very energetic at a red heat. This hydride is a 
grayish earthy substance which decomposes water even more read- 
ily than the metal, the hydrogen often inflaming, and burns bril- 
liantly in oxygen at a red heat. — Chem, Centralbl., ii, 262, 1898. 
Jl Chem, Soc,y Ixxvi, ii, 218, April, 1899. g. p. b. 

4. On Non-explosive Pecomposition, — It has been pointed out 
by HoiTSEMA that rapid and slow decompositions in some cases 
yield products which are identical, whije in others the reverse 
obtains. Since gun-cotton belongs to the latter class of sub- 
stances, no explosion-velocity experiments are possible. At about 
150° it can be slowly decomposed without explosion, evolving 
gases containing a little N,0^ and leaving a non- explosive peat- 
like mass containing about 7 per cent of nitrogen. Higher nitro- 
een oxides do not appear to result from secondary reactions, since 
it is easy to prove by special apparatus that they precede the 
formation of nitric oxide. It would seem, therefore, that these 
hisber oxides are due to impurity, or are produced only in the 
initial stages of the reaction. Ordinarily the stability of a gun 
cotton is determined by observing the time elapsing before nitric 
fumes are evolved at a fixed temperature. In the author's appa- 
ratus the explosive may be maintained at any desired tempera- 
ture for any length of time. Hence he thinks it better to ascer- 
tain the highest temperature at which the sample may be kept 
for a quarter of an hour or so without emitting nitrous fumes. — 
Zeitschr, physikal, Chem., xxvii, 567-578,060., 1898. G. P. b. 

5. On Crystalline Liquids,-r\i is well known that two views 
are held on tbe subject of crystalline liv^uids; the one by Lehmann 
who regards them as crystals of remarkably small viscosity, the 
other by Quincke who maintains that they consist of a multitude 
of minute solid crystallites each enclosed in a thin liquid film. 
ScHENCK has pointed out that if the latter supposition be true, 
the liquid crystals not being homogeneous, then ditfertnt transi- 
tion temperatures ought to be found for different preparations 
ttd for the products crystallized from different solvents. To test 
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the matter he crystallized parazoxyanisoil from (a) acetone, (h) 
alcohol and {c) chloroform. As he was unable to detect any 
appreciable change of the transition-point, he concludes that the 
view of Lehmann is the more probably correct. It has been 
pointed out by Ostwald that the stability-interval of crystalline 
liquids must be near the critical point for solid and liquid ; L e., 
near the temperature at which the heat of fusion is zero. By 
means of the specific heats of the crystalline and the isotropic 
liquids, the difference between the transition and critical tem- 
peratures is calculated as (1) 27*6° and (2) 18'4^. The difference 
in these values may perhaps be due to dimorphism of the com- 
pound. Hence the author considers desirable further determina- 
tions with other compounds. — Zeitschr. phyaikaL Chem.y zxviii, 
280-288, March, 1899. G. P. B. 

6. On the Density of TAqtiid AiVy and of other liquefied Oases. — 
Experiments have been made by Ladenrubo and Krugbl to 
determine the density of liquefied air and other gases. For this 
purpose they made use of glass rods, whose density had been 
carefully determined by weighing in air and in water at 4°. By 
means of a Mohr's balance these rods were carefully weighed i.) 
the liquefied gases, the decrease in weight being, accurately no^. 
No correction was made for the buoyancy of the atmosphere, and 
none for the contraction in volume of the glass, as its ooeffic^'^nt 
for these low temperatjiires was not known. In the case of 
liquid air the authors determined simultaneously its composition. 
They found (1) that freshly liquefied air had a density of 0*9951* 
and contained 58'8;^ per cent of oxygen. (2) That after several 
hours, the density increased to 1*029, when it contained 64*2 per 
cent of oxygen. (3) That after standing for 2 or 3 days 
until most of the nitrogen had evaporated, the density rose to 
1-112, there being present in it 93*6 per cent of oxygen. The 
authors, therefore, conclude that the density of a liquid contain- 
ing 20*9 per cent of oxygen would be 0'8'i'-0*90. Liquid oxygen 
pure has a density slightly lower than the above mentioned mix- 
ture containing 93*6 percent of it, being 1*105-1*108, The fus- 
ing point of ethylene was found to be —169° and the boilinfr 

Eoint —105-4° at 760™"* pressure ; the values given by Olszewski 
eing the same for the fusing point but —102*5° for the boiling 
point. The density of the liquid at —169° was noted as 0*6585 
and at —105*4°, 0*571.— J?6r. J3erL Chem. Ges.^ xxxii, 46-49, 

1899. G. F. B. 

7. Lemons de Chemie Physique, profess^es H TUniversit^ de 
Berlin. Par J. II. Van't Hoff, Professor ordinaire k PUniver- 
site. Traduit de Fallemand par M. Corvisy. Deuxi^me Partie. 
La Statique Chimique. 8vo, pp. 16i'. Paris, 1899 (Hermann).— 
This is the second part of Professor Van't HoflPs Berlin lectarefl} 
the first part having been noticed in this Journal for February, 
1899, p. 157. G. P. B. 

8. Lehrbuch der Allgenieinen Chemie; von Dr. Wilh. Oa(^ 
WALD. Zweite umgearbeitete Auflagc in zwei B&nden. Zweiten 
Bandes Zweiter Teil. Verwandtschaftslehre, Vierte Lieferungy 
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ogen 39-52 mit figur 71-152. Leipzig, 1899 (Engelmann). — Ad 
iditioDal part of this most valuable treatise of Ostwald on 
reneral Chemistry. o. p. b. 

9. Qrundriss der Allgemeinen Chemie ; von W. Ostwald. 
^ritte umgearbeitete Anflage. 8vo. pp. xvi, 549. Leipzig, 1899 
Sngelmann). — This excellent abridgment of Professor Ostwald's 
trger work has proved so useful to the chemical student that a 
lird edition will be warmly welcomed. The revision has been 
lorough and considerable new matter has been added, g. f. b. 

10. Laboratory Manual, Experiments to illustrate the Ele- 
lentary Principles of Chemistry; by H. W. Hillyeb, Ph.D. 
vo, pp. vi, 200. New York, 1899 (The Macmillan Co.).— This 
ook is designed for the use of college students in general chem- 
try, the odd pages being left blank tor notes. Paii; I comprises 
le preparation and properties of the elements and their com- 
ounds, and Part II, the veri6cation of quantitative laws. It 
^ems to have been carefully compiled. g. f. b. 

11. Strahlung und Temperatnr der Sonne; von Dr. J. Schei- 
BR, Professor der Astrophysik an der Universitat Berlin. 8vo, 
^, iv, 99. Leipzig, 1899 (Engelmann). — A valuable contribution 
> tb«^ solar radiation question, giving the latest results of the best 
bservers. In an appendix the diameter of the sun is discussed. 

*' G. F. B. 

1 2. Influence of small impurities on the spectrum of a gas, — The 
ifflculties in obtaining pure gases for spectrum analysis are well 
nown to physicists. These gases are necessarily contained in 
lass tubes or receptacles : and the varying quality and condi- 
ons of the glass affect the conditions of the gases, especially 
hen powerful electrical discharges are employed. The prep- 
ration of X-ray tubes has brought out forcibly the necessity 
r heating the glass receptacles repeatedly, and also subjecting 
lem to electrical discharges in order to drive off the adhering 
lyers of air. It is probable that one never succeeds in freeing 
lie glass entirely from aqueous vapor. Indeed grave doubts 
xist whether many of the spectral lines attributed to a gas — 
3r instance, hydrogen — are really lines of the pure gas. Mr. P. 
lEWis has investigated the influence on the spectrum of hydrogen 
nd other gases of small impurities. The gases were in electrode- 
Bss tubes, in order to avoid the questions of the absorption of the 
[ases by metals. He found that a small quantity of oxygen in 
lydrogen increased the brilliancy of the hydrogen spectrum — 
be mercury vapor spectrum appeared to strongly diminish the 
>rilliancy of the hydrogen spectrum. Mr. Lewis is of the opinion 
hat the mixed spectrum of hydrogen — the white spectrum and 
he characteristic line spectrum which appears strongly when a 
^yden jar is used — is a real hydrogen spectrum. In electrode- 
ess tubes the hydrogen spectrum is brightest at about 3™"^ pres- 
mre; and in electrode tubes at 0-6™°*. In a pure oxygen atmos- 
>here the spectrum of mercury vapor arising from the pump was 
)ot present ; a small trace of hydrogen brought out the green 

Am. Jour. Soi. — Fourth Series, Vol. IX, No. 49.— January, 1900. 
5 
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line of hydrogen. The influence of mercury at very low tem- 
peratures was also investigated. The paper is a valaable contri- 
bution to spectrum analysis. — Wied, Ann.y No. 10, 1899, pp. 
898-426. J. T. 

13. On the limit of hearing, — Rudolph Koenio in an opening 
article discusses this question, whether the upper limits set by 
various authors, c* to c^ or c", is a true one. On account of the 
psychological questions involved in taking what may be called 
hearsay evidence — of observers — Koenig resolved to study the 
subject by means of Kundt's dust figures. The paper contaios 
numerous plates of the results obtained, which are remarkable 
from an experimental point of view, and the author promises a 
continuation of his paper. — Wied, Ann,^ No. 11, 1899, pp. 626- 
660. J. T. 

14. JRotating bodies in electric fields, — A. Heydweilleb in a 
long paper discusses the phenomena of the solution of bodies in 
electric fields of greater and of less conductivity than the bodies. 
He agrees with certain other investigators in finding evidence of 
accelerating or retarding forces, due to changes in the electric 
fields. His investigations lead him to determination of the elec- 
trical conductivity of air at different pressures, and he discusses 
the probable eflect of these accelerating or retarding forces on the 
motion of the sun and planets. It appears to him that the motion 
of the moon may be appreciably affected by these electrical 
forces. — Wied, Ann,^ No. 11, 1899, pp. 531-676. j. t. 

15. Masses of ions in gases atloio pressures, — A very important 
paper was presented at the late meeting of the British Associa- 
tion at Dover on this subject by Prof. J. J. Thomson and a fuller 
account is now published in the Philosophical Magazine. It is 
believed by the author that the composition of a gas consists in the 
detachment from the atom of a negative ion ; this negative ion 
being the same for all gases, while the mass of the ion is only a 
small portion of the mass of an atom of hydrogen. This nega- 
tive ion, therefore, becomes of the iitmost importance in all 
theories of electrical action, and may be the fundamental Quan- 
tity in terms of which all electrical process can be expressed. 
The mass of an atom is not invariable. Electrification of a gas 
consists in splitting up some of the atoms of a gas. The detached 
corpuscles act like negative ions ; each carrying a constant nega- 
tive charge, which the author calls the unit charge. 

This theory is carefully elaborated and forms the most import- 
ant contribution to this subject of the present year.— PA/^ mag-i 
Dec. 1899, pp. 547-567. J. T. 
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II. Geology and Mineralogy. 

1oal Deposits of Indiana; by W. S. Blatchlby, State 
jist, pp. 1-1741, Coal map9, A-G, Plates i-xciii, figares 1- 
Indiana, Department of Geology and natural resource?, 
QDual Report, 1898. — This bulky volume is made up chiefly 
(tailed report on the Coal deposits of Indiana (pp. 1-1573). 
atisticsfor this have been gathering during the years 1896- 
>y Dr. Geo. H. Ashley and his assistants, adding greatly to 
its available when the last report on the Coal area was pub- 

in 1878. Following this is the Report of the State 
tor of Mines, by Mr. Robert Fisher (pp. 1574-1674). 
een counties are stated to be coal-producing, with a total 
\, of over 6ve million tons in 1898; an increase of 948-958 
/er the production for 1897. This increase in coal mining 
3d to the gradual decrease in gas flow in the state. The 
; part is the Annual Report of the Natural Gas Supervisor 
675-1702), by J. S. Leach, The natural gas is fast being 
ted; the pressure, which was at first 325 pounds to the 

inch, is now less than 200 lbs. The following summary 
present condition of the Indiana natural gas field is given : 
The gas resources of the territory in the gas field is practi- 
11 controlled by territory under lease, either by gas com- 
or manufacturers, and the pipe line companies, which are 
^e consumers of natural gas, have extended their lines from 
:> year and are apparently centering around Fairmount 
lip, Grant county. 

The undeveloped territory in the field, that not invaded by 
DCS and having only sufficient wells to supply local con- 
OD, comprises about 150 square miles in Grant, Madison 
elaware counties. Possibly a few square miles in Licking 
lip, Blackford county, should be added to this. 
It' the yearly extension of pipe lines is as great in the 
as it has been in the past, it will not require to exceed two 
•o completely occupy this territory. It does not follow 
what has been said that the natural gas field will be 
ited in two years ; for after the field is threatened with 
nes doubtless many wells will be drilled with results that 
stify the expense. 

The salt water, that has been a menace to the natural gas 
ts from the beginning, is becoming more intrusive day by 
lere being but few wells in the field entirely free from its 
ce. Wells apparently free from it when drilled become 
on after being attached to the line. 

Rock pressure does not indicate the productiveness of one 
I compared with another, but any material decline of the 
indicates a diminution in the supply. The average rock 
re of the undeveloped territory in 1895 was 264 pounds, 
verage of the same territory at present is 181 pounds, a 
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decrease of 83 pounds in a little more than three years. The 
average rock pressure of the entire gas-producing territory, Nov- 
ember, 1897, was 191 pounds; November, 1898, the average of 
the same territory was 173, a decrease of 18 pound?. 

"6. The history of other gas 6elds, the past history of this and 
all its present conditions, justify the statement that the supply of 
gas is failing and will finally be exhausted." (pp. 1688-9.) 

w. 

2. Oeological Survey of Canada^ G. M. Dawson, Director.— 
The following Reports and Map-Sheets have been recently pub- 
lished : 

, Annual Report, Vol. X, No. 678. Report on the Geology of 
the area covered by the Seine River and Lake Shebandowan Map- 
Sheets, comprising portions of Rainy River and Thunder Bay Dis- 
tricts, Ontario, by William Mclnnes, pp. 5 H-66 H, plates i-in, 
1899. 

Maps to accompany Part H, Vol. X (New Series): 660. Seine 
River Sheet, Thunder Bay and Rainy River Districtfi, Ontaria 
589. Lake Shebandowan Sheet, Thunder Bay District, Ontario. 

Annual Report, Vol. X, No. 672. Report on the Geology and 
Natural Resources of the area included by the Nipissing and 
Temiscaming Map-Sheets, comprising portions of the District of 
Nipissing, Ontario, and of the County of Pontiac, Quebec, by 
Alfred Ernest Barlow, pp. 5 1-302 I, plates i-v, figures 1-4, 1899. 

Maps to accompany Part I, Vol. X (New Series): 699. Lake 
Temiscaming Sheet, Nipissing District, Ontario, and Pontiac Co., 
Quebec. 606. Lake Nipissing Sheet, Nipissing District, Ontario, 
and Pontiac Co., Quebec. 

Annual Report, Vol. X, No. 662. Section of Mineral Statistics 
and Mines, Annual Report for 1897, by Elfric Drew Ingall; 
Assistants, Theo. C. Denis, J. McLeish, pp. 6 S-232 S, geol. map, 
1899. 

No. 669. Shuswap Sheet (British Columbia). Economic min- 
erals and glacial strisB, by G. M. Dawson, assisted by J. McEvoy, 

I0J70, scale J53.440* 

No. 604. Shuswap Sheet, geologically colored. In this sheet 
the following formations are recognized and defined, viz.: 

Upper Volcanic Group (chiefly basalts), ) Miocene 
Tranquille Beds, etc., ) 

Coldwater Group, Oligocene. 

Nicola Formation, Triassic. 

Cache Creek Formation, "j 

(Marble Canon Limestones ?) i Carboniferous. 

Cache Creek I^ormation, [ 

(lower raemberh) J 

Adams Lake Series, ) r«««»u-:«« 

XT' i'au o • }- v/amDnan. 

Nisconhth Series, J 

Shuswap Series, Archaean. 

(and foliated granites.) W- 
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3. DietyospongidoB — A Memoir on the JPeUceozoic Reticulate 
Sponges constUtUing the family Dictyoepongidm ; by James 
Hall, in collaboration with John M. Clarke, University of the 
Slate of New York, State Museum, Memoir II, pp. 1-350, plates 
i-Lxx, figures 1-45. — This exhaustive monograph on the Paleo- 
zoic fossil sponges was begun in the '80's. Professor Hall's first 
description of nine species of Dictyophyton, in 1863, referred them 
to the Algae. In 1881,* Whitfield recognized their spongeous 
nature; and in 1882, an advanced notice of, and in 1884, a num- 
ber of plates and descriptive text of a report with nearly the same 
title as the present volume, were issued by Hall in the Thirty- 
fifth Annual Report of the State Museum of New York. The 128 
species are distributed in seven sub-families, under thirty-two 
genera. One genus is reported from the Lower Helderberg. 
The latest species are from the Keokuk group, and the largest 
number of species and genera are from the Chemung (82 species 
in 16 genera). The plates are exquisite examples of the litho- 
grapher's work. w. 

4. Geological Survey oj Alabama, — A map of the Warrior 
Coal Basin with columnar section of formation so far as it carries 
workable coals, prepared by Hunrt McC alley (on a scale of 7 
miles to 8^"*), is issued Nov. 1st by the State Geologist, Eugene 
A. Smith, anticipating the later printing of the Report. w. 

5. Studies on Cambrian Faunas. — The following important 
papers by G. F. Matthew are printed in the Transactions of the 
Koyal Society, Canada (1899-1900, vol. v, section iv, pp. 39-139, 

Slates i-viii): No. 3. Upper Cambrian Fauna of Mount Stephen, 
British Columbia; The Trilobites and Worms. No. 4. Frag- 
ments of the Cambrian Faunas of Newfoundland ; The Etohe- 
miuian Fauna of Smith Sound, Newfoundland, by G. F. Matthew. 

w. 

6. American Museum of Natural History, — Catalogue of the 
types and figure specimens in the Palteontologicai collection of 
the Geological Department, American Museum of Natural His- 
tory, by R. P. Whitfield, assisted by E. O. Hovey, Part II, be- 
ginning with the Medina Sandstone, pp. 74-188, has recently been 
u»ued under date of Oct. 12, 1899. 

7. Bulletin of the Wisconsin Survey- Building and Ornamen- 
tal Stones of Wisconsin; by E. R. Buckley, Ph.D., 8°, pp. 644, 
Pis. 69. Madison, 1898. — This volume begins with a general 
Account of the demands, uses and properties of building and 
ornamental stones and then after a brief geological history of the 
siaie, the difTerent areas and quarries are taken up and described 
separately with an account of the rocks which they yield. A num- 

{i^ I Wof very excellent and lifelike (if one may use such a term in 

I reference to a stone) colored plates of polished rock specimens 

' liavebeen here advanta<jeously introduced. There are also many 

; l^alf-tone plates of buildings in which the various stones have 

; «*!en used. A large number of tests of crushing strength are given 

t.. * This Journal, III, vol. xxli, pp. 53 and 132. 

i 
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and a general r^sum^ states the best uses to which the various 
stones^ may be put. The volnme shows a large amoant of very 
careful work and is of much more than local interest and value. 

L. V. p. 

8. TI\e Cretaceous Formations of the Black JETUis as indicated 
by the Fossil Plants ; by Lester F. Ward, with the collabora- 
tion of Walter P. Jenney, Wm. M. Fontaine, and F. H. Knowl- 
ton (19th Annual Report of the United States Geological Survey, 
Pt. II, pp. 521-958, Plates lvii-olxxii, and 3 sketch maps m 
text. Washington, 1899). — ^Tlie foregoing paper is especially 
marked by a completeness of description and illustration, and a 
fulness of detail concerning the localities from which plants were 
obtained, that will materially lighten the labor of future students 
in this interesting field. It is a very important contribution to 
American paleobotany. 

In the joint work, the determination of Araticarioxylon Hop- 
pertoncB as one of the species in the great fossil forests of conifers 
occurring in the main cycad horizon is by Mr. Knowlton. The 
identification of plants Irom the Hay Creek, Wyoming, coal field 
is by Mr. Fontaine. A number of new species are described, bat 
of much more importance is the recognition of some twenty-five 
forms also represented in the so-called Lower Cretaceous of Vir- 
ginia and Maryland, particularly in the Rappahannock and 
Mount Vernon series of Virginia, and the Aquia Creek series of 
Virginia and Maryland. The contribution by Mr. Jenney deals 
with the geology of the Hay Creek coal field, which has evidently 
been worked out with much care. The remainder of the work, 
including the determination of plants from the Dakota group 
proper and the description of twenty-one new species of cycadeao 
trunks, is by Mr. Ward. 

From a morphological standpoint the greatest interest centers 
in the Cycads. The descriptions of these, accompanied by numer* 
ous plates, show at once the wealth and beauty of the cyoadean 
flora of the Black Hills. In both the number of species and the 
completeness of their preservation this locality exceeds any 
hitherto reported. Bearing in mind the fact that cycadean 
trunks, although long known from various European Jurassic 
and Lower Cretaceous horizons, have been among the rarest of 
fossil plants, these new forms are of much importance. There is 
just cause for congratulation that, with the trunks procured from 
the Potomac formation of Maryland, it has become possible to fill 
up many of the gaps in our knowledge of the distribution and 
structure of this interesting group of 5lesozoic plants. 

In describing these Cycads Professor Ward has referred them all 
to the genus Cycadeoidea of Buckland, in this respect not agree- 
ing with most English and continental botanists. 

The principal results of these several studies are discussed and 
given in convenient tabular form at the close. It is decided that 
m the Black Hills rim below the Fort Benton there is a probable 
equivalent, at least in part, of the Dakota o( Kansas and Nebraska 
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(Upper Cretaceoas No. 1). Further, the cycad trank horizon, 
which at MioDekahta is from 60 to 100 feet below this, and 175 
feet above the horizon of J3aro8auru8 in the Atlantosauras Beds 
of Marsh, is held to be Lower Cretaceous, — ^probably the equiva- 
lent of the Neooomian or the Wealden. At the Black Hawk 
cycad locality the conditions are found to be essentially similar. 
It certainly cannot be amiss to point out that we are here con- 
cerned with eighty-seven species of plants scarcely a genus of 
which does not have its Jurassic representative, excluding of 
course some half dozen plants from just below the Fort Benton, 
which are apparently Upper Cretaceous. In the lower portion of 
the strata in question, especially in the Hay Creek region, some 
distinctly Jurassic plants are present, and when the flora is more 
fully known they may prove to be more than mere *' survivors," 
as Professor Ward suggests. As has been stated by Professor 
Marsh, the Cycads of Wyoming, 200 miles farther west where 
the faunal conditions are held to be essentially similar to those in 
the immediate vicinity of the Black Hills, are certainly Jurassic. 
Moreover, in addition to J3aro8auru$ from a lower horizon, the 
strata on the eastern side of " the hills " contain a Dinosaurian 
genus closely allied to Stegosaurua at a distance of at least 150 
feet above the marine Jurassic. Between this and the Cycads 
there are scarcely 1 00 feet of intervening strata, and no breaks are 
discernible. All is continuous deposition. The scantiness of 
knowledge regarding both the faunal and floral record, the diffi- 
culty of defining the limits of the European Jurassic, and the fact 
that these strata though delimited by those two great landmarks, — 
the marine Jurassic and Fort Benton, are all fresh water, make it 
clear that the physical record must also be taken into considera- 
tion. There are good reasons for believing that here exists an 
extensive development of distinctly fresh- water Jurassic followed 
by Wealden equivalents. It is not to be forgotten that farther 
west the corresponding strata are much thicker. Hence to state 
DOW that a Wealden or a Lower Cretaceous equivalent begins a 
little below the cycad horizon, or perhaps with the " quartzitic 
cap" just above this which still contains large fossil trees as seen 
in the Black Hawk locality, would mean the assuming of a diffi- 
cult position. Unfortunately the conditions which in localities 
like the Hay Creek region were favorable for the preservation of 
/^ cycadean foliage were unfavorable to the preservation of trunks, 
\}' and where the latter occur the leaves appear to have been mostly 
^\ destroyed. These two facts have thus far prevented our gaining 
a more exact knowledge of the vertical distribution of the Cycads. 
^^ While Professor Ward finds ground for a final decision that the 
^ Cycads of the Black Hills are not Jurassic, in view of these ele- 
" • ments of uncertainty their age will doubtless form the subject of 
J jj fttrlher discussion. g. r. w. 

^\^\ 9. Lea Variationa periodiques des Glaciera, 4me Rapport, 
^■} 1898, r6dig4 par E. Richter. — This fourth Report of the Inter- 
national Commission on Glaciers has recently been published in 
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the " Archives dee Sciences Physiques et Naturelles " (vol. viii, 
Geneva, 1899. It contains definite statements as to the recent 
changes iu the glaciers of the Alps, with notes also on those in 
Scandinavia, Polar region?, Western North America, the Can- 
casos, Himalayas, and Central Africa. The general conclasions 
are most complete with respect to the Swiss glaciers. In regard to 
them Professor Forel remarks that measurements were made in 
1898 on some 90 glaciers, 12 of which were shown to be on the 
increase, while 55 were certainly receding. Of the glaciers not 
specially observed, the great majority must be admitted to fall 
al80 in the latter class, so that we are now in a phase of very 
general glacial decrease. Of the Swiss glaciers which are at 
present advancing, several belong to the basin of the Rhone, one 
to that of the Aar (RosenlauY) and one to that of the Inn (Kiosegg). 

In regard to the glaciers of the Eastern Alps, Prof. Finster- 
walder concludes that the retrograde movement continues to gain 
and that the insignificant advances which were manifested in the 
last few years in a considerable number will probably soon come 
to an end. It is only rarely that any such decrease is noted as 
was common formerly ; but frequentlv circles of moraines of 
recent date are noted, which appear to be entirely wanting in the 
great period of decrease between 1870 and lb90. Terminal 
tongues which remain stationary, or nearly so, may disappear on 
melting, without leaving any trace ; while those which have a 
tolerably rapid motion forward, reform themselves in winter, pro- 
ducing small moraines. 

Attention may also be called, in this connection, to the con- 
tinuation of the paper by C. Rabot, on the variation in length of 
Arctic glaciers, noticed in this Journal for November, 1897, and 
July, 1899. The first of these papers appeared in April, 1899, 
and others have followed in the successive months up to and 
including November. 

10. On Manganese Nodules found at Onyhygamhah^ New South 
Wales, — In view of the wide-spread occurrence, in great depths 
of the ocean, of manganese nodules such as those observea by 
the Challenger and other expeditions (cf. the observations by 
Prof. A. Agassiz on p. 35 ot this number), it is interesting to 
note a description of somewhat similar nodules by W. H. 
Doherty, as found on the Tweed River in New South Wales, 
Australia (Australasian Assoc. Adv. Science, vii, 1898, p. 839). 
He states that he found them extensively scattered over a wide 
area in the neighborhood of Onybygambah. They varied in sise 
from about that ol a pea to that ot a Barcelona nut ; thev were 
sometimes dark and glossy on the exterior, looking like 8eed[8, and 
in other cases dull black. A small part of them were perfectly 
spherical, but the majority, though tending towards this form, 
were more or less irregular. They were so soft as to be easily 
broken by the teeth. Three analyses gave the following resalts: 



Oedogy and Mineralogy. 73 

FesOa, AlsOa MnOs MgCOa Organic matter Gangue 

1. 11-2 24-7 20 12-0 49 6 = .99-5 

2. 8 7 26 2-6 12 8 50 2 = 993 

3. 14-0 40 6 31 100 321 = 998 

11. A Treatise on CrystaUography ; by W. J. Lewis, Professor 
of Mineralogy in the University of Cambridge. 8vo, pp. 1-612, 
Cambridge, 1899 (The University Press). — So many of the trea- 
tises on crystallography form merely a part of mineralogical text- 
books, and hence are limited to the every-day requirements of 
elementary students, that the breadth of the subject might be 
overlookea, were it not for the occasional appearance of a thor- 
oagh and exhaustive work. Such an one was presented some 
years ago by Professor Story-Maskelyne, and we now have 
another Irom the hand of Professor Lewis, of Cambridge. 

Students of the subject not content with gaining merely such 
knowledge as is necessary to enable them to handle ordinary 
crystals, will find much to interest them and require their study 
in this able and profound discussion. The theoretical relations of 
rational indices, zone laws, symmetry, and so on, are presented 
with great minuteness, and then the different classes under the 
successive systems are taken up in succession commencing with 
the anorthic system (triclinic). These classes are named in part 
in a manner analogous to that of Groth, and in part entirely new 
terms are introduced. For example, under the oblique (mono- 
clinic) system, the gonioid class corresponds to the domatic class 
of Groth (clinohedral group) and the plinthoid to his prisnxatic 
class (normal or holohedral group). A chapter of one hundred 
pages is devoted to a thorough discussion of twin crystals, first 
considered in general, and then with respect to occurring forms 
under the difierent systems. Another chapter takes up analytical 
methods, with a brief classification of other systems of notation 
than that of Miller, here followed ; and the work closes with 
an account of difierent forms of goniometers. 

12. Jhraktiache Anleitwig zur Analyse der Silikatgesteine nach 

den tnethoden der Geologischen LandesanstaU der Vereinigten 

Staaten von Dr. W. F. IIillebrand. Nebst einer Einleitung 

enthaltend einige Prinzipien der petrographisch-chemiscben 

Forschung von F. W. Clarke und W. F. Hillebrand. Ueber- 

setzt von Dr. E. Zscuimmer; pp. 86. Leipzig, 1899 (W. Engel- 

niann.) — This useful volume is essentially a German reproduction, 

with some changes chiefly of arrangement, of the general portion 

of Bulletin No. 148 (1897) of the U. S. Geological Survey. The 

excellent analytical work carried on in the laboratory of the 

Survey under the charge of Prof. Clarke, largely by Dr. W. F. 

Hillebrand, has contributed much to our knowledge not only of 

the composition of minerals and rocks, but also of the best 

methods of analysis. It is gratifying, therefore, that this excel- 

U*ut treatise should be put in a form to command a still wider 

circle ol readers. 

13. Darstellung der 32 mOglichen Krystallklassen auf Grand der 
^eck' und Spiegelachsen nebst Beschreibung von Achsenmodellen 
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zur Demonstration der Symmetrieverhdltniase der KrystaUe von H. 
Baumhaueb; pp. 36, 1 plate. Leipzig, 1899 (W. Engelmann). — 
The author takes np in the present work the thirty-two classes 
of crystals, arranged according to their symmetry, and develops 
the relations between them with much clearness and sharpness. 
Since fourteen of the classes have no plane of symmetry and 
twentj'^-one have no center of symmetry, he prefers to base the 
fundamental relations upon the axes of symmetry. Of these be 
distinguishes between two types, the '^ Deckachsen '' and the 
'^ Spiegelachsen," the latter being the axes of composite sym« 
metry; these are further defined as "homogene" or *^inhomo- 
gene," etc. The two classes of the tricliuic system fall into an 
anaxial division, and the remaining thirty into the aosio/ division ; 
the latter are subdivided into the monogojial^ digonal^ tetragonal 
groups, etc. 

III. Botany. 

1. How are seeds affected by a temperature of ^260° C7. f — Sir 
W. Thiselton-Dyer gives in the Proceedings of the Royal Society 
(vol. Ixv) a very interesting account of his experiments with seeds 
under the influence of liquid hydrogen. They are especially 
instructive when taken in connection with the experiments by 
Messrs. Browne and Escombe. We give a few extracts from Sir 
William's paper. 

" When Frofessor Dewar first suggested the experiment to me, 
he pointed out that it would be a costly one, that it would only 
be possible to operate on very small quantities of seeds, and that 
the number of kinds must also be few. 

The dozen seeds experimented upon by Messrs. Browne and 
Eseombe, which were submitted to the temperature of liquid air, 
were apparently selected as belonging to dififerent natural fam- 
ilies, and also in some degree as to their composition.* My 
choice was much more restricted. I took two out of their list for 
the sake of comparison : barley and vegetable marrow. I added 
wheat, which had more than once been made the subject of 
experiment. This gave me two farinaceous seeds and one oily 
one. I then took shape and bulk into account. Wheat and bar- 
ley are roughly ellipsoidal and medium in size. The vegetable 
marrow is relatively large but flattened. I therefore added 
another oily seed, mustard, which is small and spherical. I fol- 
lowed Messrs. Browne and Escombe in taking a pea, which is abo 
spherical in shape but nitrogenous in composition. Finally I 
sought a very minute seed, and pitched upon musk. 

The list then ultimately stood : 

J^rassica alba, 
Pisum satiutwi, 
Cucurbita Pepo, 
Mini idus m oschatus, 
Triticum satimim, 
Hordeum vulgare, 

♦Roy. Soc. Proc., vol. Ivii, p. 161. 
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The Dext point seemed to be to eliminate the source of error 
which might arise from defective germinative power. I there- 
fore commanicated the list to Messrs. Satton & Sons, of Reading, 
and asked their assistance. With their invariable kindness in any 
scientific enquiry, they willingly complied, and sent the samples 
required with the following report : 

^ We now have pleasure in sending a packet of each of the 
seeds you name. They are all of last year's growth, and of good 
germination. For your information we append the germinations 
arrived at by our tests made in March last of the various parcels 
from which these samples are taken. We have no doubt that 
each ^rain of wheat is a germinating seed, as specially fine seeds 
have been picked out. In the case of musk a good growth was 
obtained, but the germination was not counted. 

^ Germinations : 

Mustard 100 per cent. 

* Bountiful ' peas 100 " 

Vegetable marrow 96 " 

Musk Good. 

Wheat 96 " 

Barley 100 « 

I forwarded the samples (which were small) to Professor Dewar, 
and suggested that they should be each divided into two portions, 
one for a control experiment under ordinary conditions, the other 
to be returned to me after being subjected to cooling. Owing to 
some misunderstanding, this was not done ; but, as will be seen 
in the result, the omission proved immaterial. The seeds, it 
should be stated, were simply air-dried : they were ordinary com- 
mercial samples, and no attempt was made to further desiccate 
them. .••... 

On July 21 he wrote to me: — * In spite of the weather I have 
carried out my promise, and cooled some seeds in liquid hydrogen 
for half an hour. I had to seal them up in a glass tube, cool first 
in liquid air, and then transfer to the hydrogen. They have, 
therefore, been cooled to —250° C, or —252° C, while being in a 
vacuum (seeing the air left had no appreciable tension). The 
seeds in other words, have been transferred to a condition 
resembling that of moving through space. Another set of the 
seeds have been cooled only in liquid air for comparison.' 

On July 22 he added, on returning the seeds : — 'There can be 
no doubt about the seeds being cooled, as they were in the hydro- 
gen for more than an hour. In fact I used nearly 600<^^ of liquid 
hydrogen.' 

The seeds came to me in the small packets of tinfoil in which 
they had been placed in the tube. On opening these it was 
observed that the seeds were as fresh and bright as before being 
subjected to the treatment. There was not the slightest dis- 
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coloration observable in the green tint of the peas. This practi- 
cally disposed of the only anxiety which Professor Dewar felt 
as to the success of the experiment, and expressed to me on July 
26:— 

' My own impression is that unless the sudden vacoum caused 
by the liquid hydrogen cooling has produced physical rapture of 
the seeds, they will germinate as usual. If they survive this 
awful strain, then I believe no increase of the time of cooling 
could produce any effect other than results from one hour's expos- 
ure to such severe cold.* 

The seeds were sown in a cool greenhouse, without heat, on 
July 27. On August 1 they had all germinated. In the case of 
the mustard, 136 young plants were produced from 155 seeds; 
the remainder had, however, germinated, but the seedlings had 
damped off. One of the packets of wheat, for some reason, 
germinated slightly more slowlv than the rest. 

On August 5, I received a further packet of the seeds (the 
musk excepted, indiscriminately mixed. Professor Dewar wrote 
the same date : — ^ I have sent you seeds to-day which, if the 
treatment with cold can kill, ought to be dead. They have been 
immersed in liquid hydrogen for upwards of six hours, and no 
attempt was made to graduate the. cooling. They were placed 
in the vacuum vessel into which the liquid hydrogen could drop 
from the apparatus, and had to take their chance. The seeds 
have been soaked in liquid hydrogen, and in this respect differ 
irom the last that were cooled in a vacuum from being sealed in 
a glass tube.' 

In this instance again the seeds did not show the smallest visi- 
ble trace of the ordeal to which they had been subjected. They 
were sorted out and immediately sown, under the same conditions 
as before. By August 9 the seeds had all germinated without 
exception. 1 communicated the result to Professor De^rar, and 
he informed me, August 15: — 'The temperature Fahrenheit to 
which the seeds were cooled was —453° F. below melting ice.' 

These are the details of the experiment. As it is not likelv to 
be often repeated, I have thought it worth while to place them 
on record as precisely as possible. 

Tlie first question that suggests itself is, what evidence we have 
for believing that the seeds have actually been brought to the 
almost inconceivable temperature with which ihey were sur- 
rounded. That they were so brought, Professor Dewar himself 
has not a shadow of doubt. That substances at widely extreme 
temperatures can remain in juxtaposition at least for some time, 
and still maintain them, is illustrated by a striking experiment 
shown by Professor Dewar at the Royal Institution on April 1, 
1898. Liquid air poured into a large silver basin heated to red- 
ness remained apparently as quiescent at this high temperature 
as in cooler vessels, and maintained a spheroidal condition. This 
is well understood. But the fact remains that liquid air with a 
temperature of about —190° C. was contained in a vessel which 
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had a temperature of 800° C, the difference in temperature 
between the two being 1000° C. . . . 

It is probable that plant structures are deficient in thermal 
transparency, and they are notoriously indifferent conductors. 
Nevertheless it is difficult to believe that in the case of such small 
bodit-s as seeds, their being brought to the temperature with 
which they are surrounded can be more than a question of time. 

That the thermal opacity of at least the seed-coats, may be 
really considerable is not, however, impossible, even at low tem- 
peratures. The following remarks by Professor Dewar have an 
obvious bearing on this point :— 

' Pictet, after an elaborate investigation, concluded that below 
a certain temperature all substances had practically the same 
thermal transparency, and that a non-conducting body became 
ineffective at low temperatures iu shielding a vessel from the 
influx of heat. Experiments, however, prove that such is not the 
case, the transference of heat observed oy Pictet appearing to be 
due, not so much to the materials themselves, as to the air con- 
tained in their interstices. Good exhaustion in the ordinary 
vacuum vessels used in low temperature work, reduces the influx 
of heat to one-fifth of what is conveyed when the annular space of 
such double- walled vessels is filled with air.' * 

It is to be noticed that in Professor Dewar^s first experiment 
the seeds were practically in a vacuum. It is obvious from what 
has been quoted above, that this would help them to retain their 
heat. Any hesitation in accepting the results of the experiment 
on this ground is, however, swept away by the second experi- 
ment, in which the seeds, with absolutely no protection at all, were 
actually soaked in liquid hydrogen for six hours. The extremity 
of caution can hardly resist the conclusion that they must have 
been brought to the same temperature. 

Professor Dewar finds * that silica, charcoal, lampblack, and 
oxide of bismuth, all increase the insulation to four, l^we and six 
times that of the empty vacuum space.' It might possibly be 
worth while to try how far a packing of small air-dry seeds 
would compare, say with charcoal. And this would in some 
degree be a measure of the thermal transparency of seed 
structures." 

2. Praxis und Theorie der Zellen- und BefrnchUmgslehre ; von 
Dr. V. Hacker (Freiburg i. Br.) Jena, Gustav Fischer, 1899. 

tixining^ Fdrhung^ und Bau des Protoplasmas ; von Dr. A. 
Fischer (Leipzig), Jena, Gustav Fischer^ 1899. — We have 
brought the(?e two books together under observation in the 
present notice, as interesting examples of the exhaustive charac- 
ter of the work which is now going on in that department of 
investigation which deals with the cell. These studies sweep 
through the whole range from the suggestive resemblances to 
organized substances which are found in or can be produced in 

*"0n Liquid Air as an Analytic Agent," Roy. Inst, April 1, 1898, pp. 7 and 8. 
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inorganic things, up to the complex factors which are concerned 
in reproduction of animals and plants. The techniqae in hoth 
these works is precise and special, with explicit directions for pro- 
cedure which can hardly be misunderstood. The feature which 
strikes one most forcibly in looking through these excellent 
handbooks is the entire absence, in the choice of illuBtrationPy of 
any barrier between the two kingdoms of animals and plants. 
The recent interesting artificial production of extra-nnclear 
karyokinetic figures by the employment of certain reagents such 
as albumose and osmic acid, and the singular imitations of a few 
of the characteristics of protoplasm, are here presented in almost 
their latest form, and excite keen curiosity as to the possibilities 
in this new department of microscopic research. The handbooks 
are well arranged and are convenient for reference : the indexes 
being full and useful. o. l. g. 

3. Untersuchungen ueber die Vermehrun^ der Laiibmoose durch 
Brtitorgane und iStechlinge ; by Dr. Carl Cobrbks. 1899, Jena. 
Gustav Fischer; 472 pp., 8°, 187 figures. — In this elaborate 
monograph, dedicated to the memory of Naegeli by bis last pupil, 
the author gives the results of his histological studies on the non* 
sexual methods of reproduction in mosses. The number of 
species studied was so large that the work may be regarded as an 
encyclopaedia of the subject. The author, contrary to the gen- 
erally received opinion that any cell of a Brutorgan is capable of 
developing into a vegetative shoot, believes that this capacity is 
limited to certain cells which he calls Initial-cells. The separa- 
tion of a Brutorgan is accomplished in two different ways. In 
the first, or schizolytic, method the rupture is along the middle 
lamella; in the second, or rhexolytic method, the cells themselves 
are ruptured and, in the more complicated Brutorgane, certain 
definitely arranged cells are destined to be ruptured. The author's 
observations confirm the view that Brutorgane, representing non- 
sexual growths, are correlated with the sexual, or capsular, 
growths, so that where the former are abundant the latter are 
scantily developed or wanting, but he expresses the opinion that 
the capacity for. producing Brutorgane is inherent and is inde- 
pendent of any other property of the species. w. g. f. 

4. Anahcta Algologica, contimiatio V; by Professor J. 6. 
Agardh. Acta. Reg. Soc. Physiogr. Lund, x, pp. 160, 4°, pL 
i-iii. — This continuation of the Analecta, with the exception of a 
short chapter on the new Australian genus of FucacesB, SecBno- 
phora, treats entirely of Florideie. There is a revision of the 
subgenera of the genus Gigartina, with notes on certain species 
including eleven species from our Pacific Coast, and revisions of 
species formerly placed in Ilalymenia and Chrysymenia, from 
which several new genera are formed. The new genus CoUinsia 
with a single species irom California is related to Orateloopia. 
There is, however, already a genus of phsenogams called Collinsia. 
Among other new American species are Calosiphona caribcBO^ 
Dudresnaya canesceiiSy Helminthopsis verticillifera and Naccarw 
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orymbosa from Florida and the West Indies, and HdmirUhocladia 
BatrachopuSy Meredithia Califomica and Pyropia CaUfomica 
rom the West Coast. w. g. p. 

5. The Teaching Botanist : a Manual of Information upon 
Botanical Instruction^ together with Outlines and Directions for 
I Comprehensive Elemej^tary Course ; by William F. Ganono, 
Ph.D., Professor of Botany in Smith College ; pp. xi + 270, with 
!9 figares in text. New York, 1899 (The Macmillan Company). — 
Professor Ganong's book occupies a unique field among botanical 
ext-books and is addressed to teachers of botany rather than to 
heir pupila It is full of the most helpful directions and sng- 
restions and sets forth clearly the aims of modern botanical 
caching. The first part is taken up with eight '' essays on 
lotanical pedagogics," and the following are among the topics 
liscussed : things essential to good botanical teaching, botanical 
aboratories, collections and books, scientific drawing and descrip- 
ion, common botanical errors. In the second part, an elementary 
(ourse in botany is described, which is arranged with reference 
o the principles emphasized in the first part. The topics are 
larefully selected, so as to illustrate clearly and connectedly the 
'most vital and illuminating" facts of botany and at the same 
ime to draw out "most quickly and thoroughly " the student's 
acuities. The essentials of anatomy, morphology, physiology 
ind ecology are taught from flowering plants, as it is deemed 
idvisable to begin with objects more or less familiar to the stu- 
lent, and the coni*se is concluded with a short and general survey 
>f the vegetable kingdom, beginning with the Algsd and ending 
?ith the angiosperms. The book is particularly welcome at the 
>re8ent time when the teaching of botany is in a somewhat 
iDsettled state. It is to be recommended not only to teachers of 
be science but also to those persons who still consider the study 
>f botany as synonymous with the analysis of flowers, a. w. b. 

6. Lectures on the Evolution of Plants ; by Douglas Hough- 
ton Campbell, Ph.D., Professor of Botany in the Leland Stan- 
'ord Junior University; pp. viii-|-3l9, with 60 figures in text. 
N'ew York, 1 899 (The Macmillan Company). — The science of evo- 
ution has so often been treated from a zoological standpoint that 
Its principles are fairly well understood. The present account, 
tiowever, although taken up with topics more or less familiar to 
the botanist, fills a gap in biological literature, by presenting the 
mbject of plant evolution in a clear and connected manner. The 
two introductory chapters describe briefly the important facts in 
regard to the anatomy and physiology of plants and the external 
conditions under which they grow. The study of plant evolution 
then begins with a discussion of the " simplest forms of life," in- 
cluding the slime-molds, the bacteria, the Cyanophyceie and cer- 
tain of the unicellular green Algae. This is followed by chapters 
Dn the other Algae, the Fungi, the bryophytes, the pteridophytes, 
the gymnosperms and the two classes of angiosperms. At all 
points the interrelationships of the types selected are emphasized, 
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and the text is frequently elucidated by diagrams representing 
lines of descent. The author then discusses the geological and 
geographical distribution of plants, the interdependence between 
animals and plants, and the effect of environment upon plant-life. 
Professor Campbell's original work upon the arcbegoniates and 
the lower monocotyledonous plants has particularly fitted bim for 
writing a book of this character. a. w. b. 

7. Sotanizmg: a Guide to Field- Collecting and Herbarium 
Work ; by William Whitman Bailey, A.M., Professor of Bot- 
any in Brown University; pp. ix + 142, with frontispiece and 15 
figures in text. Providence, R. I., 1899 (Preston &i Rounds Com- 
pany). — The Botanical Collector's Handbook, published by Pro- 
fessor Bailey nearly twenty years ago, is well known to botanists 
and will give an idea of the matters treated in the above work. 
The new book, however, is entirely rewritten and has incorporated 
in it many new and important observations and directions. In 
discussing the collection and preservation of the willows, the 
mosses, the Algse and the Fangi, the author has engaged the help 
of specialists. a. w. e. 

IV. Miscellaneous Scientific Intelligence. 

1. The Life of James Dvoight Dana, Scientific Explorer^ Min- 
eralogist, Geologist, Zoologist, Professor in Yale University; by 
Danibl C. Gilman, pp. 1-409. New York, 1899 (Harper 
Brothers). — In this biography, which the author describes as 
"personal rather than scientific," an admirable sketch is given of 
both the personality and work of one who for a full half-century 
was a central figure in the development of Natural History in 
North America. Had he not left the impress of his life upon the 
very details of the several sciences he advanced, such a brief sketch 
would be far from satisfactory. Brief as it is, one catches from 
its reading the inspiration of the busy life and is overwhelmed 
with the prodigious amount of work accomplished in a single 
lifetime. 

The author has performed his part with great skill, adding to 
his wide knowledge of science a keen appreciation of the personal 
characteristics of Professor Dana, with whom few of those who 
survive him (due to his delicate health) had the privilege of inti- 
mate acquaintance. 

A single sentence in a letter to Guyot, written two days after 
his filty-second birthday, vividly expresses the noble spirit of his 
life. "I feel anxious to work, and work effectually, while the day 
lasts, having a constantly augmenting realization of the greatness 
and extent of the work to be done to keep science headed aright 
in these times." (p. 330.) w. 

2. November Meteors of 1899. — Further reports confirm the 
comparatively slight character of the Leonid shower this year. 
The maximum density seems to have occurred on the night of 
November 14-15, when it was clear in Canada and neighboring 



Miscellaneaus IntMigence. 81 

regioDB, atid a coDsiderable display was observed at Montreal. 
Rev. Joel H. Metoalf reports that at Burlington, Vermont, 93 
Leonids were seen by his party on that night between I a. m. and 
dawD, and he was Buccessful in securing one or two meteor-trails 
by photography. Our knowledge of the distribution of the 
bodies forming the stream is' likely to grow very slowly, as, if the 
period is 33^ years, we shall not encounter this part of the stream 
again until the year 2032. 

Quite a display of Andromedids was observed on the nights of 
November 23 to 25, Professor Young of Princeton, New Jersey, 
having seen, according to press reports, as many as 10 per 
minute on the latter night for a short period. At New Haven it 
was clear on November 23 and 24 and on the latter night a num- 
ber of trails were photographed, one of which was secured at 
both of the Observatory stations and will thus afiord a determi- 
nation of its position, direction, and velocity. w. l. b. 

3. 77ie Aims afid Methods of Meteorological Work especially 
as conducted by National and State Weather Services ; by Cleve- 
land Abbe. — This interesting paper is reprinted from Part III 
(pp. 219-330) of the Report on the Meteorology of Maryland, 
prepared by Cleveland Abbe, O. L. Fassig, and F. J. Walz by 
direction of Willis L. Moore, Chief of the U. S. Weather Bureau. 

The Marvland Weather Service is under the directorship of Prof. 
W. B. Clark, whose excellent work on the Geology of Maryland has 
already resulted in the production of the valuable and handsome 
volumes before noticed in this Journal. The present paper is a 
popular survey of the entire subject of meteorological work, 
especially in its application to the State of Maryland. The prin- 
ciples involved in the prediction of storms, wind, frost, fog and 
otner important weather conditions, are explained very clearly. 
Then the various elements involved in climatology are explained, 
and finally the special apparatus and methods employed in obser- 
vations ot temperature, wind, velocity, atmospheric pressure, etc. 
The whole forms an admirable chapter for the instruction of that 
large part of the public which, though interested, has little defi- 
nite information in this direction and is too slow to recognize the 
high standard and constantly progressive character of the work 
done by our Weather Bureau. It is profusely illustrated with 
excellent plates and published in the same liberal way as the 
other volumes from the same source. 

4. Our Native Birds: How to protect them and attract them 
to our Homes; by D. Lange; pp. 1-162, 12mo. New York, 1899 
(The Macmillan Company). — This attractive little book is espe- 
cially designed to aid in the most laudable effort to protect our 
native birds, particularly by those means which cannot be made 
matters of legal requirement. The author calls attention to the 
fact that though it is easy to pass laws against recognized evils, 
it is much more difficult to provide means lor enforcing their pro- 
visions. Hence the suggestions which he makes here are most 
valuable, and it is to be desired that they should find wide 
adoption. 

Am. Jour. Sci. — Fourtu Series, Vol. IX, No. 41). — January, 1900. 
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6. Ihe Elements of Blowpipe Analysis; by Fbkdbbick 
HuTTON Getman, Instructor of ChemiBtry in the Stamford High 
School ; pp. 77, 12mo. New York, 1899 (The Macmillan Co.).— 
This little book contains a brief outline of the methods of blow- 
pipe analysis, and a statement of the general reactions of 
prominent substances and compounds ; also a description of the 
most common ores of the different metals, with full statement of 
their blowpipe characters. It will be found useful by those who 
do not desire to use one of the large and detailed manuals. 



Obituary. 

Sir Joun William Dawson. 

It is with deep regret that we record the death of Sir William 
Dawson, which took place at Montreal on November 19th in the 
79th year of his age. By his death Canada loses a distinguished 
geologist as well as one who was intimately identified with educa- 
tional work of all kinds, but more especially with higher educa- 
tion, in the Province of Quebec. 

He was born at Pictou, Nova Scotia, on October 13th, 1820, his 
father being a shipbuilder in that town, and studied at Pictoa 
College and subsequently at the University of Edinburgh, under 
Jaipeson, Forbes and Balfour. He returned to Nova Scotia in 
1847 and three years later, having already attracted some atten- 
tion by the publication of a number of papers, reports and lec- 
tures, he was appointed Superintendent of Education for that 
Province. His work in connection with this position obliged him 
to travel continually through all parts of Nova Scotia, and on 
these journeys he accumulated the materials for his largest work, 
that entitled " Acadian Geology." While carrying on this work 
he met Sir Charles Lyell, with whom he studied the now cele- 
brated Joggin's Section on the Bay of Fundy. 

In 1855 Sir William was appointed to the Principalship of 
McGill University, a position which he held until 1893. He was 
at the same time Professor of Geology, and the University pros- 
pered under his manasjement beyond the most sanguine expecta- 
tions of its friends. In addition to administering the affairs of 
the University and delivering several courses of lectures every 
year, he was lirst and foremost in every movement to further 
education and also found time to carry on original work along 
several lines, achieving very valuable results. He was also the 
author of many popular books on scientific subjects, more ei^pe- 
cially in connection with geological science. 

In 1883 he traveled extensively in Egypt and Syria, studying 
the geology of these countries and its relation to sacred history. 
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He took an active part io the organization and proceedings of 
he meeting of the British Association for the Advancement of 
kdencCy held in Montreal on the following year, on the occasion 
>f which he received the honor of knighthood. 

In 1893 Sir William was seized with a very severe attack of 
meumonia and his health became so seriously impaired that he 
vas obliged to give up work for a time and spend the winter in 
he south. His strength, however, was not restored, and he 
esigned his position as Principal of MoGill University in 1894. 
!)unng the later years of his life bis strength gradually ebbed 
kway and what little work he could undertake consisted in arrang- 
ng his collections and working up some unfinished papers. 
>everal of these were published in 1894 and 1895, but the years 
)i quiet labor to which he looked forward at this time, were cut 
hort by a series of sharp attacks culminating in partial paralysis, 
irhich forbade further effort. He passed away on the 19th of 
November very peacefully and without pain. 

Lady Dawson, with three sons and two daughters, survive him. 
lis eldest son. Dr. George M. Dawson, the present Director of 
he Geological Survey of Canada, has inherited his father's love 
or geological work and has achieved wide distinction in the 
irorld of science. 

Sir William's first original contribution was a paper read before 
he Wernerian Society of Edinburgh in 1841 on a species of field 
DOuse found in Nova Scotia. From that time onwards he was a 
lODtinuous contributor to scientific journals anil to the publica- 
ioDS of learned societies. 

The most important work of his earlier years was an extended 
tudy of the geology of the eastern Maritime Provinces of Can- 
kda, the results of which are embodied in his " Acadian Geology " 
klready mentioned, a volume of nearly 1000 pages accompanied 
)y a colored geological map of No va Scotia, and which has passed 
hrough four editions. He subsequently devoted much time to 
various researches in paleobotany, more especially in connection 
vith the Upper Silurian, Devonian and Carboniferous systems of 
iastern Canada and of the Cretaceous and Tertiary of the west- 
jrn portion of the Dominion. The results of these researches 
vere published in a long series of papers which appeared chiefly 
n the Quarterly Journal of the Geological Society and in the 
Transactions of the Royal Society ot Canada. He also contrib- 
ited a volume entitled "The Geological History of Plants" to 
\ppleton's International Scientific Series. 

In 1863 he published his "Air Breathers of the Coal Period," 
iirhich contained the results of many years study of the fossil 
)atrachians and land animals of the Coal Measures of Nova 
^otia, the earliest known remains of Micrbsauria having been 
iiscovered by him in the interior of decayed tree stumps in the 
^oal Measures of South Joggins. The results of his later studies 
)f these creatures were embodied in a series of subsequent papers 

Sir William also while residing in Montreal, devoted much at. 
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teDtion to the Pleistocene deposits in the vicinity of the city and 
in fact to those of eastern Canada generally, especially to the 
remarkably rich invertebrate faana which they contain. His 
''Canadian Ice Age'' embodies the chief results of this work and 
is one of the most important contributions to the palaeontology of 
the Pleistocene in America, which has hitherto appeared. 

His work in connection with Eozoon Canadense is well known. 
Sir William was also a prolific writer of popular works on various 
geological subjects. Among these may be mentioned his " Story 
of the Earth and Man," his '* Fossil Men and their Modern Re|> 
re^entatives," his " Meeting Place of Geology and History," and 
many others. These books, written in a very entertaining style, 
had a wide circle of readers. Many of these volumes as well as 
many papers contributed to various religious papers treated of the 
relation of science and religion. He was a Presbyterian of the 
old school and strongly opposed to all theories of the evolution of 
man from brute ancestors, nor would he allow anything more than 
a very moderate antiquity for the species. The study of geology, 
too, he would have emancipated from '^ materialistic infidelit»j 
which, by robbing nature of the spiritual element and of its pre- 
siding Divinity, makes science dry, barren and repulsive and 
diminishes its educational value." 

These works on the relation of science and religion, while they 
undoubtedly met a popular demand, have but a transitory value and 
are not those by which Sir William Dawson will be remembered. 
His reputation will rest on his great contributions to our perma- 
nent stock of knowledge, representing achievements of which any 
man might well be proud. 

His name has been perpetuated in connection with the geologi- 
cal work of McGill University by the erection of a second chair in 
geology to be known as the Dawson Chair, which has just been 
endowed by Sir William Macdonald. 

Sir William was a man of quiet geniality, gentle and even 
deferential in manner, but decided in opinion and firm in action. 
The preeminent note of his character was sincerity and singleness 
of purpose. His loss will be felt by all who knew him, but 
especially by the members of the University with which he was 
so long connected. frank d. adahs. 

Dr. Henry Hicks, the English geologist, best known for his 
able investigations of the pre-Cambrian rocks of Wales and Scot- 
and, died on November 18th, at the age of sixty-two years. 
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VIII. — Sedimentary Rocks of Southern Patagonia ; by 
J. B. Hatcher. With Plate I. 

CE publishing my last paper on the geology of southern 
onia,* I have spent two years in that region making a 
;r study of its geology and bringing together impor- 
dditions to our collections of fossil vertebrates and inver- 
es. The results of these two additional years of field 

together with the more advanced stage now attained in 
ndy of our collections of fossils, have greatly augmented 
)8ervations made during my first expedition and mate- 
modified several of the opinions expressed in my former 

regarding the age and relations of the various sedi- 
iry deposits of Patagonia. 

iei among the additional observations and resultant modi- 
ms of the former views as expressed in my first paper 
be mentioned : First, the discovery near Sandy Point, 
B Strait of Magellan, of an entirely new series of Ter- 
deposits several hundred feet thick and underlying the 
jonian heds. These new Tertiary deposits have already 
noticed by Dr. A. E. Ortmann and have been named by 
he Magellanian hedsj\ Second, the discovery near Lake 
rredon of several distinct fossil-bearing horizons in the 
eeous. 

ef among the changes which it now seems necessary to 
regarding the geologic position and relations of the vari- 

lee this Journal, vol. iv, pp. 327-354. 

iee this Journal, vol. vi, 1898, pp. 478-482, and vol. vlii, pp. 427-432. 
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oils sedimentary deposits as expressed in my former paper are : 
First, the age of the Paiagonian beds. A study of the very 
extensive collections of invertebrate fossils which we now pos- 
sess from the typical Patagonian hods makes it necessary to 
remove this entire series of strata from the Eocene, wliere we 
had formerly placed it, and to refer the rocks composing them 
to late Oligocene and early Miocene. Second, extensive 
observations in the Patagonian and Supra- Patagonian beds 
at many different and widely separated localities, has demon- 
strated beyond a doubt the identity of these two deposits, 
which were formerly supposed to be quite distinct and sepa- 
rated by a considerable period of time. Third, an interstrati- 
fication has been observed between the upper Supra-Patagonian 
and lower Santa Cruz beds. This condition was first noticed 
and has always been maintained by Florentino and Carlos 
Ameghino. It was erroneously opposed by myself in my for- 
mer paper, due to insufficient observations on my part at that 
time. 

These additional observations and necessary corrections to 
my first paper, together with many other observations of 
scarcely less importance made^ during the past two years, ren- 
der it advisable to record here the principal geologic features 
observed, and to give a correlation of the various sedimentary 
rocks now known in southern Patagonia based upon our 
present more advanced study of the fossils found in them and 
upon a comparison of these fossils with fossil forms from 
North America and Europe found in beds the age of which 
has been determined beyond a reasonable doubt both from 
paleontologic and stratigraphic evidences. 

It will be the purpose of the present paper to give a brief 
description of the geology of southern Patagonia, together with 
a short discussion of the age of the various sedimentary 
deposits found there. A more detailed treatment of the geog- 
raphy, topography, stratigraphy and general geology of the 
region in question will be reserved for chapters under those 
heads, which will af)pear in one of a series of monographs to be 
issued by the department of geology and paleontology of 
Princeton University upon the natural history collections made 
by the Univeisity expeditions to Patagonia. This series of 
monographs is now in preparation, most of the material having 
already been placed in the hands of competent specialists in 
each department. Its early publication in a creditable manner 
has been made possible by the munificence of a friend of 
science. 

That portion of Patagonia of w^iich it is the purpose of this 
paper to treat lies beyond the 46th parallel of south latitude. 
A map of the region, including Tierra del Fuego and the 
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adjoining islands as far south as Cape Horn, has been prepared 
to accompany the present paper. 

While most of the more important geographic features at 
present known are located on the map, especial attention has 
been given in its construction to indicate all those features 
which, though of little purely geographic interest, might prove 
of considerable value to any field geologist who in the future 
may wish to examine the same localities visited by myself for 
the purpose of verifying my observations. It is believed that 
with the text and accompanying map in hand it will not be a 
difficult matter for any fairly competent person to identify the 
different localities mentioned in the text or to verify the 
Htratigraphic sections herein described. 

The great value of explicit descriptions concerning the loca- 
tion of important geologic sections and of the surface expos- 
ures of new or little known geologic horizons, especially, as 
frequently happens, when such exposures are of limited area, 
must already have become apparent to working geologists 
everywhere. This is especially true in a little known and 
sparsely settled or entirely unsettled country like the interior 
of Patagonia. In the progress of my work in Patagonia I 
have been materially handicapped by the want of just such 
explicit and accurate descriptions of localities as I have myself 
always endeavored to give in all my published papers relating 
to the geology of the fossil fields of either North or South 
America. 

In naming and defining a new geologic horizon it appears to 
me that the discoverer, if endowed with a true scientific spirit 
and considering the best interests of his chosen science, will be 
impelled to give at least one definite locality where the horizon 
may be found well represented and containing the fossils 
characteristic of it, when such fossils are known to exist any- 
where in the newly-di6covei*ed beds. It should not be consid- 
ered sufficient to say that certain beds are found represented 
"in the region of Lakes Viedma and San Martin" when the 
limits of these lakes are separated by a distance of more than 
100 miles. Nor after describing an exceedingly important 
geological section is it enough to add that " this section is 
shown in a bluff in the region of Lakes Colli uc and Mustei's," 
since the limits of these lakes, both of large size, are separated 
by long distances. 

The want of more explicit information regarding localities, 
due perhaps to thoughtlessness on the part of Dr. Amegliino, 
has rendered much of my work in Patagonia necessarily a work 
of exploration and not so productive of paleontologic and geo- 
logic results as it would have been, had I been possessed of 
data enabling me to go directly to localities previously discov- 
ered by Seiior Carlos Amegliino. 
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The map prepared and published by Dr. Francisco P. 
Moreno in the Geographical Journal of the Royal Geograph- 
ical Society of London, accompanying a paper by the same 
author entitled "Explorations in Patagonia" and published io 
the September and October numbers of the same Journal for 
1899, has served as the basis for the present map. It has been 
redrawn by Mr. Howard Logan, with the introduction of a few 
additions and corrections made by myself. The map is essen- 
tially the work of the Argentine Limit Commission under the 
direction of Dr. Moreno. While not complete it is fairly accu- 
rate and is by far the best of any of the maps yet publisned of 
this region. 

Physiographic Features of Patagonia. 

Before entering upon a discussion of the geology of Patago- 
nia it may be well to refer briefly to the principal physio- 
fraphic features of the country.* Patagonia and Tierra del 
uego are naturally divided into two sharply defined and easily 
characterized regions, a western, extremely mountainous, region 
and an eastern, comparatively level, plain. The mountains of 
the western region are formed by three parallel ranges sepa- 
rated by two deep, narrow, longitudinal valleys. Throughout 
the eastern plains region several features combine to break the 
monotony and lend variety to what would otherwise be an ex- 
ceedingly dreary landscape. Chief among such features are 
the great transverse valleys that cross the Patagonian plains 
from east to west and form the principal drainage systems of 
those plains. These valleys frequently attain a aeptli near the 
Andes of more than 2000 feet below the surface of the neigh- 
boring plains. They are all true valleys of erosion, while the 
longitudinal valleys of the western mountainous region are of 
tectonic origin. It is along the bluffs of the sea and in the 
exposures over the slopes of these valleys and their less impor- 
tant tributaries that the best opportunities are offered for 
studying the geology of Patagonia. 

Mesozoic. 

Jurassic? — The oldest sedimentary rocks observed by the 
writer anywhere in Patagonia consist of a series of black, very 
hard but much fractured slates with remains of Ammonites 
fairly abundant but not sufficiently well preserved to admit of 
identification. These beds I have already noticed in my 
former paper on the geology of Patagonia, and have named 

* For a further descriptioa of the geographic features of Patagouia, see paper 
on that subject by J. B. Hatcher in The National Geographic Magazine, Feb. 
1900. 



HaLcher — SedimerUary Rocks of Southern Patagonia. 89 

them the Mayer River heds^ from the name of the river in 
the bluflEs of which they were found. The localities where 
they may be observed were described in ray first paper, and it 
18 only necessary to remark here that neither their upper or 
lower limits have as yet been definitely determined. No addi- 
tional evidence has been gained regarding their age, and they 
are provisionally referred to the Jurassic chiefly on account of 
the great thickness of the sedimentary rocks overlying them, 
which from the remains of Dinosaurs found somewhat 
abundantly in their upper members can scarcely be considered 
of more recent age than Cretaceous. 

Cretaceous. 

Pueyrredon Series. — Under this name I include some 800 
feet of rocks observed in tlie vicinity of Lake Pueyrredon. The 
strata forming the Pueyrredon Series are immediately but 
unconformably overlaid by the variegated sandstones, A7*enis- 
cas Abigarradas beds of Ameghino. The rocks of the Pueyr- 
redon series are well exposed and may be conveniently studied 
on the left bank of Rio Tarde, some four miles above where 
that stream empties into the east end of Lake Pueyrredon. 
At about that distance from its mouth this small stream 
runs through a deep cailon, that has been cut in the eastern 
foothills of the Andes, and entere tlie broad level valley that 
extends eastward from the eastern extremity of the lake. Fol- 
lowing the bed of the stream up the cafion to its source, there 
may be seen the most extensive and best exposed geologic 
section observed anywhere in Patagonia during my explora- 
tions in that country. Some 5,000 feet of sedimentary rocks 
are exposed in a continuous section extending from the Lower 
Cretaceous to late Pliocene deposits. Many distinct geologic 
horizons are represented and most of them are fortunately 
rich in fossil remains in an excellent state of preservation. 

Gio beds. — Starting at the base of the section and at the 
mouth of the caiion, a deposit of soft green sands or marls 
about 100 feet thick are seen. Included in the green sands 
are several harder, brown layers, each about two feet thick and 
composed largely of shells of Exogyra. The proximity of this 
outcrop of these beds to Lake Gio and the Gio basin has sug- 
gested the name Gio beds for these green and brown sand- 
stones. These beds dip gently to the southwest and their 
inclination, together with the rapid increase in the elevation of 
the bed of the stream as one proceeds up the canon, soon 
brings the 100 feet* of strata composing them beneath the 

* The thickDOSS of the various deposits jfiven in this section are based on 
barometric observatioDS of altitudes: due allowance io each case was made for the 
dip of the different beds. While not absolutely correct, it is believed they are 
fairly accurate. 
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bottom of the cailon. Thus at a distance of only two or three 
hundred yards from the mouth of the cafion the top of the 
Gio beds appears at and passes beneath the bed of the stream. 

Loioer CongU)merate8, — The Gio heds are immediately and 
apparently conformably overlaid by about 20 feet of hard, 
rather line conglomerate, which will be designated the Lower 
Conglomerate, In this conglomerate were found occasional 
pieces of petrified wood filled with the shells of small bor- 
ing mollusca. No other fossils were observed in this con- 
glomerate. 

Belgrano beds, — The conglomerates soon disappear beneath 
the bed of the stream and are seen to be conformably overlaid 
by about 300 feet of soft, greenish sandstones and clays, 
replaced toward the top by several layers of harder sandstones 
and impure limestones, each usually of only a few feet in 
thickness and appearing as ledges projecting from the side of 
the canon. These 300 feet of strata we shall call the Belgrano 
heds from Lake and Mt. Belgrano, located some distance to the 
southward. These beds, especially toward the top of the 
series, are rich in the fossil remains of characteristic Mesozoic 
invertebrates. A few imperfect plant remains were also 
found, and a very few small, trituberculate teeth were dis- 
covered associated in the same rock with remains of Ammon- 
ites. These trituberculate teeth may perhaps pertain to mam- 
mals. 

A considerable collection of invertebrates was made from 
the Belgrano beds at this locality and from another exposure 
of the same beds discovered some eight miles farther cast. 
These collections, together with those made from the under- 
lying Lower Conglomerate and Gio beds^ have been placed 
in the hands of Dr. T. AV. Stanton, who has already made a 
preliminary study of them and writes as follows : " Althongli 
not specifically identified, the relationships of many of the 
forms are such that there is no doubt of their Cretaceous 
age, and I am at present inclined to place them not earlier 
than about the middle of the Cretaceous, say Gault or Ceno- 
manian. This is subject to revision, however. The Trigonias 
show close rclationshij) with species from the Uitenhage beds 
of South Africa, which I believe are now generally assigned to 
the Lower Cretaceous." The Cretaceous age of these beds as 
detennined by Stanton from a study of the invertebrate collec- 
tions is significant, since Dr. Ameghino, after seeing two of 
the small teeth collected by myself from them, immediately 
referred this entire series of beds to the Jurassic* 

* See Sinopsis Geolopioa-Paleontologica por Florentino Ameghino (En 
Segundo Censo Naciopal de la Republica Argontina. tomo 1, pp. 111-255, con 
105 Aprs, Buenos Aires, 1898, en folio) Supplemento (Addicioues y Correcciones) 
Julio de 1899, p. 13. 
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^er Conglomerates, — The Belgrano beds in the callon of 
Larde are conformably overlaid by 330 feet of liard flne- 
ed red and variegated sandstone with occasional layers of 
ending above in a series of very hard line conglomerates, 
haracteristic fossils were found in these beds, which may 
ailed the Upper Conglomerates as distinguishing them 
the Lower Conglomerates near the base of the series. A 
what careful search for fossils was rewarded only by the 
very of a few imperfect plant remains and one or two 
of bivalve mollusca. 

las far all the rocks of the entire series of strata through 
b we have passed in ascending the lower one and a half 
{ of the course of the caiion are conformable and evidently 
arine origin. Taken together they constitute the Pueyr- 
I Series^ with an aggregate thickness of from 750 to 800 

16 present surface distribution of rocks belonging to the 
frredon S&ries^ known to the writer from personal observa- 
, is of very limited extent and is confined to the lowermost 
eet of strata exhibited in the lower course of the caiion of 
Tarde and to other very limited exposures to be seen 
i eight miles to the eastward, in a small caiion cut in the 
ce of the first bench, which at this point has an altitude of 

200 feet above the bottom of the valley of Gio basin 
b extends eastward from Lake Pueyrredon. In this vicin- 
ic bottom of the valley of Gio basin is occupied by a lake 
n on the map as White Lake, and the exposures in ques- 
will be found at a distance of about two miles soutli Of 
western border of this lake. They are neither conspicuous 
xtensive, but are exceedingly rich in well-preserved fossil 
ins. From verbal descriptions by Dr. F. P. Moreno, I 

that outcrops of the same series of beds may be seen in 
egion between Lakes Arc^entinoand Viedmaand lying west 
le Rio Leon. Certain beds discovered by Dr. Rodolfo 
hal in the vicinity of Last Hope Inlet, appear also to 
ig to this series. 

. Ameghino has on several occasions in his published 
rs referred to certain beds containing Cephalopod remains, 
eh instance almost invariably applying to them a different 
I and assigning them to the Jurassic without giving any 
ns whatever for so doing. Since Dr. Ameghino gives no 
ties where his so-called Jurassic beds may be found and 
lere characterizes them, either by giving adequate descrip- 

of their lithological characters or specific and generic 
of the fossils contained in them, I have been unable to 
ify any of his Jurassic^ horizons except the one referred 
►ove in speaking of the small teeth collected by myself 
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and shown to Dr. Ameghino. This horizon, as has already 
been shown, belongs to the Cretac.eons and not to the Jarassic. 
It seems probable that Dr. Ameghino has in each instance, as 
is evident in this one, when dealing with these marine Meso- 
zoic horizons, based his remarks on the discoveries and observa- 
tions of others and made his correlations to agree with his 
own preconceived ideas ; instead of submitting such correla- 
tions to and abiding by the judgment of specialists in Mesozoic 
invertebrates. 

Although the present known surface distribution of the 
rocks of the Piteyrredon Series is exceedingly limited, it is 
quite probable that future explorations will show that they 
are represented in a more or less continuous series of out- 
crops extending all along the eastern range of the southern 
Andes. 

San Martin Series. — In this series it is proposed to include 
some 3,500 feet of Upper Cretaceous rocks, for the most part 
well represented at various places throughout southern Pata- 

fonia and more especially in the region lying directly east of 
.ake San Martin. 
The Areniscas Ahigarradas beds. — These beds, also fre- 
quently referred to as the Variegated Saiidstones^ lie at the base 
of the San Martin series. They are well represented in the 
bluffs along the south shore of the east end of Lake Pueyrredon 
and of the deep valley extending eastward from that lake. In 
the canon of Rio Tarde they may be seen in a series of hard, 
well stratified sandstones 1,350 feet thick, overlying the Upper 
Conglomerates of the Pueyrredon Series^ with which they 
appear slightly unconformable. They are usually fine-grained 
and of varying colors, with light pinks and pale greens pre- 
dominating. They are exceedingly barren of fossils, a some- 
what careful search at this and several other localities being 
rewarded by the discovery of only a few imperfect and unchar- 
acteristic plant remains. 

The rocks of the Areniscas Abigarrada^ beds have a much 
more extensive surface distribution than any of the other 
Cretaceous deposits of southern Patagonia. They appear 
over large areas all along the eastern base of the Andes and 
are known to cover a considerable portion of the interior 
plains region lying to the eastward of Lakes Pueyrredon and 
feuenos Ayres, extending even to the Atlantic coast, as may be 
observed at Port Desire. They also outcrop at intervals in the 
valley of San Julian, which extends inland for many miles from 
the head of the present bay of the same name. 

Owing to the great thickness and uniform hardness of these 
sandstones as compared with most of the other sedimentary 
deposits of southern Patagonia, wherever found, they forna 



Hatcher — Sedimentary Rocks of Southern Patagonia. 93 

the principal and most striking topographic features of the 
region. In the cafion of the Kio Tarde they form vertical 
wails that for a considerable distance maintain an average 
height of more than 1,000 feet. Tliey are referred to the 
Upper Cretaceous entirely upon stratigraphical evidences. 
Since they have been seen to rest unconformably upon the 
330 feet of Upper Conglomerates which separate them from 
the underlying Belgrano beds^ the latter, according to Stanton 
not older than Oault and perhaps Cenomanian^ they must 
therefore be considered as belonging somewhere in the Upper 
Cretax^eovB. 

Lower Lignite beds, — Under this head I include a series of 
beds consisting at the base chiefly of a tine, gray, volcanic ash 
deposit, passing upwards into a series of rather soft red and 
gray sandstones. These beds dre entirely wanting in the Lake 
Pneyrredon and Rio Tarde sections, but may be seen in the 
blnflfs on the south side of Mayer Basin, and especially on the 
left bank of the south fork of Rio Chico about three miles 
above Shell Gap. At this locality these beds have an esti- 
mated thickness of 1,500 feet and contain in great abundance 
partially lignitized, partially petrified trunks and branches of 
trees. In several instances vast accumulations of such tree 
trunks were observed, frequently forming the chief constituent 
of beds twenty to thirty feet thick and of unknown lateral 
extent. 

I have nowhere observed the Lower Lignite beds^ except 
about the headwaters of the south fork of the Rio Chico on 
the south side of Mayer Basin, where they unconformably 
overlie the Variegated Sandstones. Notwithstanding the exceed- 
ingly promising appearance of these lignite beds, an extended 
search in them for fossil remains was not rewarded by the dis- 
covery of any animal remains whatsoever. No definite opinion 
can at present be advanced as to their probable position in the 
U pper Cretaceous. 

ihe Gnaraniticbeds. — T\iQG[\i2iYiin\t\Q or Dinosaur beds con- 
sist of a series of soft, dark or mottled clays and shales with 
occasional layers of bright red, green and orange-colored mate- 
rials of very fine grain. The finer of these colored deposits 
are mixed with grease and successfully used by the Tehueiche 
Indians as mineral paints, in the decoration of their person, 
'wearing apparel and other articles. 

The Gtiaranitic beds^ like the underlying Lower Lignite bedsy 
are entirely wanting in the Rio Tarde and Lake Pueyrredon 
sections, but are well represented in the region about the head- 
waters of the south fork of the Rio Chico and in the high 
bluffs on the south side of Mayer Basin between the sources of 
the last named stream and an eastern tributary of Mayer River 
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rising in the same ran^e of bluffs. In this region these beds 
have an estimated thickness of 600 feet. They also occur in 
limited areas along the upper course of the Rio Chaha or 
Shehuen and at intervals over the central interior region lying 
between Port Desire and the eastern base of the Andes. In 
the latter region they are usually found occupying depressions 
eroded in the surface of the variegated sandstones and of cer- 
tain porphyries and basalts of unknown age that occnr here 
over considerable areas. 

The Guaranitic beds contain fairly abundant Dinosaurian 
remains, but several weeks spent in them at different times 
and in various localities has resulted in a fruitless search for 
representatives of that rich, varied and highly specialized mam- 
malian fauna which they are said by Dr. Florentino Ameghino 
to contain. On the other hand,' Sefior Carlos Ameghino, who 
has collected most of the material for his brother Florentino, 
assured the writer, during an interview with him in Santa Cruz, 
in July, 1898, that he had never found either Pyrotherium or 
any other representatives of the Pyrotherium fauna associated 
with Dinosaurian remains. Carlos Ameghino was very posi- 
tive in his statements to me regarding this matter, and when 
shown Dr. Ameghino's statements on this subject as translated 
and published in The Geological Magazine of January, 1897, 
in an article entitled "Geology and Paleontology of Argen- 
tina," he said that there had been a mistake in the translation 
or that his brother had entirely mistaken his statements con- 
cerning the manner in which he had found the fossils of the 
respective faunas. lie also informed me on the same occasion 
that previous to the expedition from which he had then bat 
just returned to Santa Cruz, he had never found any mam- 
malian remains whatsoever associated with the remains of 
Dinosaurs. On his last trip however he said he had found a 
few small mnltituberculate teeth associated with Dinosaurian 
remains in the Guaranitic beds on the upper course of the 
Rio Shehuen. These are Sefior Carlos Ameghino's statements 
to me concerning the stratigraphic relations of these Dino- 
saurian and Mammalian faunas. It will be noticed that thev 
agree on the whole with the published statements of Drs. 
Santiago Roth and Alcides Alercerat. They also explain why I 
have been unable to lind the Pyrotherium fauna associated 
with the Dinosaurs. Such mistakes based on misunderstand- 
ings are always liable to occur, and are excusable where, as was 
the case in this instance, the author was recording not his own 
observations but the impressions left upon him by the narration 
of the observations of another, made in a region with which he 
was himself not only unfamiliar but entirely unacquainted. 

The Guaranitic beds are referred to the Upper Cretaceous 
both upon stratigraphic and paleontologic evidences. Just 



Hatcher — Sedimentary Hocks of Southern Pata^miia. 96 

where they should be placed in that series cannot be deter- 
mined until we know more of the Dinosaurs contained in them. 
At present it seems not improbable that they will prove to be 
the equivalent of the Laramie of Xorth America, as they have 
lontf been considered by Dr. Ameghino and others. 

With the Guaranitic beds we liave reached the uppermost 
of the Mesozoic strata known not only to Patagonia but to 
South America, and assumin«^ that they represent the Laramie 
we iind the close of the Mesozoic Era in the southern hemi- 
sphere as in the northern marked by an abundance of gigantic 
and highly specialized Dinosaurs associated with the remains 
of an exceedingly scanty mammalian fauna, its representatives 
of small size, of generalized types and exhibiting even a less 
degree of differentiation and specialization than has been 
obst^rved in the north. 

Taken together the Variegated Sandstones^ Lower Lignites 
and Guaranitic ieds constitute the Sa7i JUa^'tifi Series, of 
Upper Cretaceous age. The last two should perhaps be entirely 
separated from the Variegated Sandstones and considered as a 
distinct series, since they are unconformable with them and 
were very likely of largely fresh-water and aeolian origin, while 
the sandstones, on account of their vast extent and homogeneous 
nature, would seem to have been deposited in a great open body 
of water, probably marine, over which precisely the same 
relative conditions prevailed for an infinitely long period of 
time. 

Tertiary. 

For a long period following the deposition of the Guarantic 
beds all this region was elevated and subjected to erosion. 
During this long period of early Tertiary erosion the entire 
series of strata constituting the Guaranitic and Lower Lignite 
beds were in many places completely carried away, as has evi- 
dently been the case in the Lake Pueyrredon region ; while 
in the vicinity of Lake San Martin and at various localities 
over the interior, remnants of the Guaranitic beds are still left 
having partially resisted the early Tertiary erosion to which 
they were subjected. The valleys which were then cut deep 
in the surface, frequently passing quite through the Guaranitic 
and I^wer Lignite beds and into the rocks of the Variegated 
Sandstones, may now be seen in many localities filled with a 
series of Tertiary deposits varying in age from early Eocene to 
Pliocene. Such deposits have been sometimes of marine, 
sometimes of fresh-water or aeolian origin. The complex 
nature of the stratigraphy of the region in which they now 
occur, due to the eroded nature of the surface upon which 
they were laid down, has led Dr. Ameghino to consider such 
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Tertiary deposits as interstratified with the Guaranitic beds 
and Variegated Sandstones and therefore of Cretaceous age. 
Formerly Dr. Ameghino considered all of such Tertiary 
deposits as of one age and belonging to one series, which he 
designated as the Pyrothermm beds. In my former paper I 
pointed out that in the Pyrothermm beds of Ameghino there 
were represented two or more distinct horizons. I at the same 
time suggested that some of the fossil mammals described by 
Ameghino as from the Pyrotherium J^r/* appeared to belong 
to a formation more recent than the Santa Cruz beds. Further 
explorations in Patagonia have only confirmed my former 
views and Dr. Ameghino has since partially adopted these 
views. He has now divided his Pyrotherium fauna into two 
faunas, referring one to the Middle and the other to the Upper 
Cretaceous. Unfortunately he has not yet recognized the true 
stratigraphic position of the beds in which the various faunas 
were found with reference to the Guaranitic beds, A further 
subdivison of this Pyrotherium fauna is necessary and a recog- 
nition of the Miocene^ Pliocene and Pleistocene nature of 
several of the forms included in it. Among such Pleistocene 
forms will be found the large gravigrade edentate described by 
Ameghino as not distinguishable from Mylodon and more than 
likely Pyrotherium, which resembles very closely some of the 
larger Pleistocene herbivorous marsupials of Australia. Un- 
fortunately I have not as yet been able to find any remains of 
Pyrotherium and have, therefore, been unable to determine its 
exact stratigraphic position. It is interesting to note, however, 
that Dr. Santiago Roth, who has spent two years collecting in 
beds which according to Ameghino contain his Pyrotherium 
fauna, has not found a single fragment of Pyrotherium, though 
Ameghino says that Pyrotherium is the most abundant and 
most characteristic fossil in the beds. Dr. Roth found other 
fossils of the Pyrotherium fauna fairly abundant. 

The Pyrotherium beds, as that term has been used by Dr. 
Ameghino, includes a series of deposits of varying age from 
Eocene to Pleistocene. These deposits are of limited area and 
usually appear as yellow or ochrc-colored sands and clays 
tilling depressions eroded in the surface of the Guaranitic 
beds or occasionally of the Lower Lignites and Variegated 
Sandstones. The stratigraphic relations of these various 
Tertiary deposits to the Dinosaur and other Cretaceous beds of 
Patagonia are the same as the relations of the Equus to the 
Loup Fork and other Tertiary beds in our western States; 
and these somewhat obscure stratigraphic relations have led to 
the same confusion regarding the age and fauna of each that 
formerly existed concerning those of the Equus and Lonp 
Fork beds. 
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Toward the close of the Eocene there began over southern 
Patagonia a period of subsidence, sufficient to bring most of 
that region beneath the surface of a shallow sea. Land areas 
continued to exist, however, along the Andes and an important 
land mass also extended over what is now the central interior 
plains region, to the eastward of Lakes Pneyrredon and 
buenos Ayres. This land mass was perhaps connected with 
the continental land mass to the northward. From the com- 
mencement of this late Eocene subsidence until the middle of 
the Miocene, marine conditions, more or less extensive, pre- 
vailed continuously over portions of this region. Such marine 
conditions would progress or recede as the rate of subsidence 
exceeded, equalled or fell below the rate of sedimentation 
constantly going on over the bottom, and thus there was laid 
down over this region a series of deposits of marine and 
freshwater or aeolian origin, frequently interstratified, espec- 
ially about the shores of the land masses. Such marine 
deposits are characterized everywhere by abundant remains of 
marine invertebrates of shallow water forms ; while the lacus- 
trine and aeolian deposits, though less rich in fossil remains, 
contain the bones and teeth of the animals inhabiting the 
lands adjacent to or over which they were deposited. 

Eocene and Oligocene, 

MageUanian Series, — This late Eocene subsidence com- 
menced over the southern regions and gradually extended 
northward. In the vicinity of Punta Arenas there are repre- 
sented several hundred feet of marine Tertiary deposits 
containing a marine fauna quite distinct and of decidedly 
older age than any of th6 marine Tertiary deposits known 
from the Atlantic coast region farther north. These marine 
deposits have been named by Dr. Ortmann the MageUanian 
heds and a brief description has been given by that author of 
the various species of marine invertebrates collected in them 
by the writer. 

The type locality for the Magelluhian beds may be con- 
sidered to be the bluffs of the Rio de las Minas (Mines Eiver 
on the map) that flows through the town of Punta Arenas and 
empties into the Strait of Magellan. These beds are especially 
well represented and extensively exposed on the left bank of 
that stream from the coal mines located about five miles above 
the town to a point some three miles lower down where the 
stream emerges from the cafion onto the level plain that 
extends from the foot of the hills to the beach north of the 
town. The Kio de las Minas has its source in the low range 
of mountains or hills separating the Magellan Strait from 
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Otway Water and forming the northern portion of the Bruns- 
wick peninsula, the southernmost point of the mainland of South 
America. The river has a nearly east and west course, and 
throughout its entire length the bluflfs on either side of the 
stream are composed of sedimentary deposits of varying age 
from Upper Eocene to Pliocene, excepting certain bowlder 
deposits on the top of the mountains and other loess deposits 
in the valley, both of which are unfossiliferous and evi- 
dently of Pleistocene age. 

Ascending the river from Punta Arenas, the Magellanian 
beds are first seen just where the stream emerges from the 
mountains about two miles above the town. At a short dis- 
tance above this point a more important exposure may be seen 
on the left bank of the stream where the axis of a very gentle 
anticline is passed. From the axis of this anticline the strata 
on one side dip gently to the eastward or down stream and 
soon successively disappear beneath the bed of the stream, 
while on the other side they dip to the westward or up stream 
at an angle of perhaps five degrees. This westward inclina- 
tion of the strata is continuous from the axis of the antichne 
to the source of the river except where affected by some 
local fault or landslide, as frequently happens above the coal 
mines and therefore in the beds above the Magellanian beds. 
No such faults were observed in the Magellanian beds below 
the mines. 

In the bluff at the anticline, a few feet above the bed of the 
stream, there is a layer with numerous flattened concretions 
frequently a foot or two in diameter and of a light gray color, 
with fairly abundant leaf impressions, belonging principally to 
the genus Fague. Some fifty feet higher up in the bluff 
another concretionary layer is encountered containing in great 
abundance the remains of marine invertebrates. In ascend- 
ing the river some two or three miles until the coal mines are 
reached, several hundred feet of strata are passed through 
containing numerous fossil-bearing layers. Two such layers, 
each about ten or twenty feet thick, are especially prominent, 
appearing as bold projecting ledges due to the harder nature of 
the rocks composing them, and made up largely of the shells 
of various species of molluscii. 

Dr. A. E. Ortmann, who has studied the invertebrate collec- 
tions from these beds, has decided that they are not only quite 
distinct from the faunas of the Patagonian and Supra-PaiOr 
gonian heds of the Atlantic coast farther north, but also that 
they differ entirely from the invertebrate faunas of the marine 
beds overlying the coal beds at this locality. He considers 
the fauna of the Magellanian beds as indicative of a decidedly 
greater age for these beds than should be accorded to the Pata- 
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gonian beds / lie therefore considers the MageUanian heds as 
of Late Eocene or Early Oligocene age. I may also add that 
tliis paleontological evidence as to the age and position of the 
MageUanian beds is fully supported by stratigraphic evi- 
dences, since the same Coal Measures found at Punta Arenas 
have been observed farther north underlying beds that contain 
a fauna characteristic of the Patagonian beds. Moreover the 
beds which at Punta Arenas overlie the Coal Measures contain 
a fauna essentially characteristic of the Patagonian beds 
farther nortli. 

The MageUanian beds at Punta Arenas are represented in 
the bluffs of the stream by perhaps 1,000 feet ot strata, and 
the core from a hole sunk by a diamond drill to a depth of 
360 feet in the bottom of the valley opposite the anticline 
already mentioned, did not pass through them. At present 
these beds have not been observed elsewhere than at the 
Punta Arenas locality. Very similar deposits were observed 
underlying certain lignites about the headwaters of the south 
fork of the Rio Chico, but it was not possible to secure other 
than fragmentary fossils from them. It is quite probable also 
that certain marine beds mentioned by Ameghino as occurring 
near Lake Argentina and about the source of the Rio Shehuen 
belong to the MageUanian beds. It may also be found advis- 
able to correlate certain horizons in Dr. Ameghino's Pyro- 
theriuni heds with the MageUanian as representing lacustrine 
or aeolian deposits contemporaneous in origin with the marine 
beds farther south. In the excellent section of the Rio Tarde 
Cafion near Lake Pueyrredon the MageUanian beds and the 
overlying lignites are entirely wanting. 

Upper Lignite beds. — In the Rio de las Minas section the 
MageUanian beds are conformably overlaid by a series of 
strata of unknown vertical extent, containing several veins of 
almost pure lignite varying from a few inches to ten or twelve 
feet in thickness. These beds, which constitute the upper 
limits of the MageUanian Series, have been observed at 
various places along the eastern Andes from Punta Arenas to 
the head of the Rio Chico north of Lake San Martin. They 
are probably of Middle or Upper Oligocene age. 

Oligoceyie and Miocene. 

Patagonian Seines. — Under this head I shall include those 
deposits 'which have been commonly referred to by students 
of the geology of Patagonia under the names of Pata- 
gonian^ Supra- Patagonian and Santa Cruz beds. On account 
of the fossils found in them and their great surface distri- 
bution throughout southern Patagonia, they are tlie most 
important of all the sedimentary rocks of this region. 
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Patagonian beds. — The type locality for the Patagonian 
beds may he considered as the bluffs of the Atlantic coast 
from Port Desire southward to the Mt. of Observation, some 
forty miles sonth of the Santa Cruz River. Anywhere along 
this coast within these limits the Patagonian beds may be 
found well represented and rich in the remains of fossil inver- 
tebrates. They appear to attain their maximum development 
in the region of San Julian, where they show a thickness 
above the water level of about 900 feet. From this point 
they dip gently to the southeast, so that at Coy Inlet their 
uppermost strata pass beneath the water level. The Patago- 
nian beds are also known to extend along the Atlantic coast for 
a considerable distance north of Port Desire, and are found 
exposed in many localities in the bluffs of the streams through- 
out the interior of all that portion of southern Patagonia lying 
north of the Santa Cruz River. They may also be seen in a 
series of outcrops extending all along the eastern base of the 
Andes. In the section of the Rio de las Minas, they conform- 
ably overlie the Upper Lignites. They also appear in the 
bluffs near Lakes Argentina, Vied ma and San Martin, at Shell 
Gap and various other places on the head of the Rio Chico 
and in the Pueyrredon and Rio Tarde sections, where they are 
700 feet thick and rest directly upon the Variegated Sandstones 
or are separated from the latter by about fifty feet of col- 
umnar basalt. The entire series of strata constituting the Lower 
Lignites, Gnaranitic and Magellanian beds and the Upper 
Lignites are wanting in the Pueyrredon region. 

Ameghino has always considered the Patagonian and Supra- 
Patagonian beds as distinct and separated by a considerable 
period of time, and in my former paper I took the same view, 
since at that time I had worked but little in the typical Pata- 
gonian beds. During the last two years, however, I have 
given considerable attention to a study of the Patagonian beds 
in the type localities, and have made extensive collections of 
vertebrate and invertebrate fossils from them at Port San 
Julian and Darwin Station, some twenty miles south of that 

Sort, and about the mouth of the Santa Cruz River and the 
It. of Observation farther south on the Atlantic coast. These 
collections from the typical Patagonian beds I have also sup- 
plemented by collections made at many different localities 
throughout the interior region, and representing every con- 
ceivable horizon from •the base to the top of the so-called 
Supra-Patagonian beds of that region, as well as at the Mt. 
of Observation. Among the localities from which such col- 
lections were made I may mention the following : the bluffs of 
the Santa Cruz River, source of Rio Shehuen, several localities 
between the latter stream and the Rio Chico, at Sierra Oveja 
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and Shell Gap and other pieces on the Rio Chico, Lake Pueyr- 
redon, about the sonrces of Desire River, and at various places 
in the valley of San Julian. A study of the collections made 
at all of these and various other localities, with a careful regard 
for the different horizons from which the various collections 
were made, has demonstrated beyond a reasonable doubt the 
identity of the Patagonian and Supra- Pata^onian beds, 
which do not represent distinct series of deposits of different 
^e, but only different phases of the same series of strata. 
The differences in the fossils and lithological characters are in 
each instance due to the local conditions attending the deposi- 
tion of the beds at the various localities in which they were 
found. The Patagonian beds represent areas covered by 
deeper waters, while the Supra-Patagonian beds represent the 
shallow water and littoral deposits. In the former the strata 
are more continuous and the rocks composing them are of a 
finer grain and with usually more calcareous material, while 
in the Supra-Patagonian phase the strata of sandstones, clays, 
etc. replace one another at frequent intervals along the same 
horizon, and are largely composed of coarse sands mingled 
with broken and ground fragments of shells in great abund- 
ance, frequently forming a genuine shell breccia. 

Dr. Araeghino, in his latest contribution on the geology of 
this region, has not only separated the Supra-Patagonian beds 
from the Patagonian beds, but has also divided the latter into 
two formations, a lower Piso Juliense and an upper Pieo 
Leonenee, He thus has represented three distinct formations, 
which beginning below are called the Juliense^ Leonense and 
Superpatagonica. Tinder each of these he gives a list of 
characteristic invertebrates as follows: 

Piso Jvlienee. — Terebratula patagonica=(Terebratella p.). 
Bouchardia Zitteli, Rhynchonella plicigera = (R. nigricans), 
Pecten geminatus, Pecten praenuncius, Siphonalia noachina, 
Hypechinus patagonicus, Echinarachinus juliensis, Schizaster 
am^hinoi. 

Jriso Leonense. — Ostrea percrassa = (O. ingens), Perna quad- 
risnlcata, Cuculleea alta, Turritella argentina, Struthiolaria 
omata. 

Superpatagonica, — Ostrea patagonica = (ingens, non d'Orb.), 
Pecten quemadensis = (P. geminatus), Cytherea splendida, 
Amathnsia angulata, Voluta ameghinoi, Dentalium octocos- 
tatnm. 

Dr. Ortraann, who has studied our collections of Tertiary 
invertebrates from Patagonia and finds represented in them, 
with but one or two exceptions, every species hitherto reported 
from that region besides many additional ones, has made for 
me the following lists, showing the association which he has 

Am. Jour. Sol— Fourth Series, Vol IX, No. 60.— February, 1900. 
8 






IO2 HaicKef^-^Sediraentary Rocks of Southern Patagonia, 

already found to exist among species given by Dr. Ameghino 
as characteristic of the different beds, which that author has 
considered as distinct. 

Among the collections from San Julian, the type locality 
for the Piso Juliense, he finds at Oven Point all the Jaliense 
species but two {Peoten pr(Bnu7iclu8 and Hypechinus pator 
ff07iicti8) mingled with Ostrea ingens^ a Leonense and Supra- 
patagonica species, while at Darwin Station, a higher horizon, 
these Juliense species are found : Terehrafella patagonicOy 
Pecten geminatus^ Siphonalia noachma. 

At the mouth of the Santa Cruz River, there are found 
mingled together in the same horizon all the species given by 
Ameghino as characteristic of his Piso Leonense^ together with 
the following Juliense species : Terebratella patagonica^ Pecten 
geminatuSy Schizaster ameghinoi and these Supra-Patagonian 
forms : Ostrea ingens, Amathusia angulata^ Dentalium odo- 
costatum. 

From the Mt. of Observation we have in the lowermost 
horizon Cuoidlcea alta, a Leonense species, while in the upper 
horizon or Supra-Patagonian beds, there are TerehrateUa pata- 
gonica and Siphonalia noojchina^ Juliense species, mingled with 
Ostrea ingens^ a Leonense and Supra-Patagonian species, and 
Voluta ameghinoi and Dentalium octocostatunij Supra-Pata- 
gonian species. 

At the base of the marine Tertiary in the Lake Pueyrredon 
section, which according to Ameghino should be Supra-Pata- 
gonian beds, we have the following five Juliense species, Tere- 
braiella patagonica^ Bouchardia J^itteUiy JtihynchoneUa nigri- 
cans^ Pecten geminatus^ Echinarachinus juliense and Pema 
quadrisidcata^ a Leonense species, together with Ostrea ingens, 
a Leonense and Supra-Patagonian species. 

In the uppermost of the Supra-Patagonian beds on the 
upper Rio Chalia and at Shell Gap or Rio Chico, the follow- 
ing three Juliense species, Terebratella patagonica^ Bhyn- 
chonella nigricans^ Echinarachinus juliensis^ occur associated 
with Turritella argenti?ia, a Leonense species, and Ostrea 
ingens^ from the Leonense and Supra-Patagonian beds. 

In one small block six inches in diameter, from the month 
of the Santa Cruz River, TerehrateUa patagonica and Pecten 
geminatus^ Juliense species, were found associated with Stni- 
thiolaria omatu^ which according to Ameghino is character- 
istic of the Piso Leonense. 

In the above lists it will be noticed that only the character- 
istic species as given by Ameghino are included and it is seen 
that in every instance there has been found a mingling in the 
same horizon of these supposedly characteristic forms. White 
in some instances, as at Lake Pueyrredon, upper Rio Chalia 
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nd Shell Gap, which according to Araeghino should be Sapra- 
i^atagonian beds, there is a preponderance of species given by 
lim as characteristic of the Piso Juliense at the base of the 
i^atagonian beds. 

From a consideration of these facts regarding the association 
\i fossils, it is clear that the terms Piso Jidiense and Pieo 
Leonense cannot be accepted, and also that the Patagonian 
►nd Supra- Patagonian heda are not distinct formations, but 
imply represent different phases of one and the same forma- 
ion. The Patagonian phase prevails at the base of the series 
,nd the Supra-Patagonian at the top, but neither is limited to 
»ny definite horizon. I therefore discard the term Supra- 
Patagonian beds, and shall refer to strata formerly known under 
hat name as the Supra-Patagonian phase of the Patagonian 
>eds. 

Age of the Patagonian beds, — Concerning the age of the 
Patagonian beds, there has been much difference of opinion. 
Phis difference has been due largely to careless collecting and 
mperfect observations as to their true stratigraphic position, 
during the first five years of their work on Patagonian geol- 
ogy and paleontology, the Ameghinos considered the Pata- 
gonian beds as overlying the Santa Cruz beds. They then 
>laced the so-called Supra-Patagonian beds not only beneath 
he Patagonian beds, but separated from them by the entire 
eries of strata composing the Santa Cruz beds. At that time 
hey called the Supra-Patagonian beds the Sub-Patagonian 
*eds^ and the sequence as then determined by the Ameghinos 
n Patagonia was beginning below the Sub-Patagonian beds,, 
he Santa Cruz beds and the Patagonian beds. In 1893, 
Jenor Alcides Mercerat visited Patagonia and determined the 
rue stratigraphic relations of these deposits, which he found 
o be identical with those suggested by Darwin a half century 
jarlier. In 1894, in his fifth year of field work in Patagonia, 
Jenor Carlos Ameghino, following Mercerat, was able to con- 
irm the latter's determinations concerning the relative posi- 
Jons of these various formations, and the 2,500 feet of strata 
composing them were forthwith turned upside down, so to 
)peaK, by Dr. Ameghino, the Patagonian beds being placed at 
tne base of the series instead of at the top and the Supra- 
Patagonian beds were removed from the bottom to the middle 
of the series and the sequence changed to Patagonian^ Supra- 
Patagmiian and Saiita Cruz beds^ passing from beneath up- 
wards. This remarkable bit of stratigraphic juggling was 
accomplished in such a skillful manner by Dr. Ameghino that 
it became unnecessary for him to make any considerable 
changes in the age of the various beds to accommodate and har- 
monize with their altered and true stratigraphic relations. To 
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this discrepancy on the part of Dr. Araeghino is largely due 
the conflicting opinions at present expressed by him concern- 
ing the age of these various deposits. 

The Patagonian beds are here placed in the Upper Oligocenc 
and Lower Miocene on account of the evidences aflEorded by 
the marine invertebrates found in them. Moericke, Steinraann, 
Cossmann, Dall and others, all of whom have studied more or 
less material from these beds, are agreed in placing them in 
the Miocene. Dr. A. E. Ortmaun, who is studying our collec- 
tions in which there is represented much the most complete 
series yet brought together from the Tertiaries of Patagonia, 
is convinced that they are not older than uppermost Oligocene, 
and that they are chiefly Miocene. Dr. von Ihering, who 
studied the collections of Carlos Ameghino, relying upon his 
and Dr. Ameghino's stratigraphic determinations and differ- 
entiations, which as has been shown are only local develop- 
/ ments and do not represent distinct horizons, has referred the 
Patagonian beds to the Upper Eocene and the so-called Supra- 
Patagonian beds to the Oligocene and Lower Miocene. Dr. 
Ameghino has himself considered the Patagonian beds as 
belonging to the Upper Cretaceous and Lower Eocene, assign- 
ing them this position, apparently, in order to accommodate nis 
theory concerning the great antiquity of the overlying Santa 
Cruz beds.- 

In connection with the age of the Patagonian beds it is 
interesting to note the remarkably close relationship existing 
between this invertebrate fauna and the invertebrates from the 
Oamaru and Pareora Systems of New Zealand, which latter, 
according to Hutton, belong respectively to the Oligocene 
and Miocene. Dr. Ortmann has already found the following 
twelve identical species : RhynchoneUa squamosa Hutt. (=co8- 
tata Ten. Wood = pyxidata Dav.), H. nigricans fSow.) (=pli- 
cigera v. Ihr.), Magellania lenticularis (Desh.) (=globoBa v. 
Ihr), Terehratella dorsata (Gmel.), Terebraiella paiagonica 
(Sow.), Ostrea in^ens Zitt. (=patagonica Aut. non d'Orb.= 
percrassa v. Ihr.=hatcheri and phillippi Ortm.), CucvJloBa aUa 
Sow., Limopsis insolita (Sow.), Dentalium giqanteum Sow., 
Scalaria rugxdosa Sow. (=lyrata and browni Zitt.), Orepidula 
aregaria Sow. (=incurva Zitt.), Natica solida Sow., and he 
mforms me that this list will be very much increased and that 
many other species, while not precisely identical, show remarka- 
bly close relationships. The affinities exhibited by these two 
faunas are of interest not only for the evidence they afford 
concerning the age of the Patagonian beds, but also on account 
of the additional proof they furnish in favor of the theory of 
a former land, or at least exceedingly shallow sea, connecting 
New Zealand and other austral lands with South America. 
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The Santa Cruz beds, — Immediately and conformably over- 
lying the Patagonian beds are the Santa Cruz beds, composed 
of a series of usually soft and light-colored sandstones and 
shales, rich in the remains of birds and mammals, but for the 
most part remarkably destitute of any molluscan or other 
invertebrate fossils, in marked contrast with the underlying 
beds. At the base the Santa Cruz beds are sometimes inter- 
stratified with the uppermost Patagonian beds. This condi- 
tion was first recognized and pointed out by the Ameghinos. 
On my first expedition to Patagonia I was unable to find any 
conclusive evidence of such interstratification, and from certain 
apparent unconformities noticed at Shell Gap and Sierra Oveja 
on the JRio Chico, I concluded that the Santa Cruz beds were 
not interstratified with the Patagonian beds but were separated 
from them by a considerable time interval. Subsequent 
explorations have, however, convinced me of my error and I 
have been able to verify the observations of Sellor Carlos 
Ameghino at the Mt. of Observation and to make similar 
observations in the Lake Pueyrredon section and at other 
localities throughout the interior. 

The Santa Cruz beds are first seen in the Atlantic coast sec- 
tion near Mt. Observation south of the Santa Cruz River, 
where they form the summits of the higher bluffs bordering 
the coast. From this point southward they form a constantly 
increasing proportion of the total thickness of the bluffs of 
the sea until, on the south side of Coy Inlet, the entire series 
of strata forming the bluffs, with a maximum thickness of 600 
feet, are composed of rocks of the Santa Cruz beds, which 
extend uninterruptedly to the mouth of the Gallegos River. 
It will thus be seen that the Santa Cruz beds appear contin- 
uously in the bluffs of the Atlantic coast from Cape Fair- 
weather north for a distance of about 100 miles. They also 
cover the entire plains region between this coast line and the 
Andes, and toward the west they stretch far to the northward, 
extending even as far as the latitude of Lake Buenos Ayres, 
or 46° 30' S. 

The maximum development so far observed in the Santa 
Cruz beds may be seen in the Lake Pueyrredon and Rio Tarde 
section, wliere they overlie the Patagonian beds and show a 
thickness of 1,500 feet. From Lake Pueyrredon the Santa 
Cruz beds may be traced in an almost unbroken series of out- 
crops extending for more than 300 miles along the eastern 
range of the Andes. 

From the entirely different character of the fossils encoun- 
tered it is evident that there was a considerable change in the 
physical features of this region during the period which 
marked the close of the deposition of the Patagonian beds and 
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the beginning of the deposition of the Santa Cruz beds. 
About this time the gradual subsidence which had been going on 
during the deposition of the former series, became less rapid 
or ceased altogether, and the shallow sea in which those rocks 
were being deposited was converted into lowlands and estu- 
aries which were at once invaded by the herds of animals 
inhabiting the adjacent lands, or others more distant, with 
which communications were then established. The remarka- 
bly rich mammalian fauna that at that time inhabited this region 
has left its remains in great abundance and often in a remarka- 
bly good state of preservation in the sandstones and clays of 
the Santa Cruz beds. Scarcely a foot of this entire 1,500 feet 
of sediment that is not fossiliferous, and seldom an exposure, 
however small in area, that will not yield a jaw or skull as a 
reward for even a superficial search. It is not to be under- 
stood that these deposits are everywhere equally rich in fossils, 
for like all other fossil fields, some localities are rich and some 
poor according as were the conditions during the deposition of 
the sediment favorable or not for the accumulation and pres- 
ervation of animal remains. 

Nothwithstanding the remarkable similarity of the rocks 
forming the Santa Cruz beds in the many exposures through- 
out their great geographical extent, it is evident that they were 
not deposited in an open fresh- water lake nor in a broad shal- 
low sea of salt water. JN^ot only are they in their typical 
development remarkably barren of the remains of either fresh 
or salt water invertebrates, but they contain the remains of 
land mammals in such abundance that it is absolutely impossi- 
ble to conceive of these remains having been conveyed bodily 
into the middle of a great lake or ocean hundreds of miles in 
breadth. So far as is at present known, not a single raollusk 
shell, or lish, or crocodile bone or tooth has been found any- 
where in the true Santa Cruz beds; although many of the 
strata are well adapted for the preservation of the remains of 
such animals, had they existed in any considerable numbers, as 
would undoubtedly have been the case had this region been 
covered during the period of their deposition by a great lake 
or other continuous body of water. Not only are the remains 
of land mammals abundant in many exposures, but in some 
instances the positions in which the skeletons are found are 
such as suggest that the animals lived and died in the immedi- 
ate neighborhood where their remains now lie entombed. 

One of the best localities for the collector of vertebrate fos- 
sils to be found anywhere in Patagonia is on the beach laid 
bare at low tide along the Atlantic coast between Coy Inlet 
and Cape Fairweather. On this beach the erosion accomplished 
by the rise and fall of the tides, which here have a maximum 
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diflFerence of 46 feet, takes place along the bedding plains. 
Thus the same stratum frequently forms the surface over con- 
siderable areas, and the present slope of the beach is often for 
considerable distances precisely that of the inclination of the 
beds. Consequently in this region when a particularly rich 
fossiliferous horizon is found in the bluff, it will appear at its 
proper place on the beach owing to the southeasterly dip of 
the beds, and will form the surface over a considerable area 
often two or three niiles in extent, each bedding plane appear- 
ing successively as the present surface of the beach, exposed 
to view only at low tide. When such localities were met with 
they were found to be extremely rich in fossils, and it was 
frequently possible while standing in one position to count a 
dozen or more skeletons, varying in completeness according as 
they had been more or less uncovered and washed away by the 
tides. Not only were the skeletons of these animals to be 
found, but in several places their fossil footprints were observed, 
and owing to the peculiarly favorable erosive action which 
prevails here, series of such footprints were occasionally seen 
extending for upwards of 100 feet, each track distinctly 
impressea so that it would have been possible to count the 
number of steps taken in covering a given distance and to 
measure the exact stride of the animal. All these conditions 
taken together bear conclusive evidence, it seems to me, that 
the skeletons belong to the same animals that made the foot- 
prints and therefore that these animals inhabited this w^ry 
region during the time when the sediments now forming the 
rocks were being accumulated in the bottoms and over the 
flood plains of the swamps, small lakes, and tributary streams 
which existed here. Periodical variations in the amount of 
moisture, together with other conditions, would perhaps account 
for the lack of invertebrate remains. 

Since the Santa Cruz beds conformably overlie the Patago- 
nian beds, which have been shown to belong to the Upper Oli- 
gocene and Lower Miocene, the Santa Cruz beds must therefore 
belong to the Middle and Upper Miocene. This stratigraphical 
evidence of the age of these beds is strongly supported by the 
paleontological evidences afforded by the mammalian remains 
found in them. The highly specialized character of most of 
the genera can hardly be taken to indicate a greater antiquity 
for any of the strata than Middle Miocene. 

Cape Fairweather beds.— The close of the Miocene was 
marked by a general subsidence, so that the sea again had access 
to this region, and during Pliocene times marine conditions 
prevailed n ere, resulting in the deposition of a series of deposits 
with a marine invertebrate fauna which originally covered 
almost the entire region*, but has since been mostly removed 
and now appears over limited and widely separated 3Lxe?i«», x^'^V 
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ing alike upon the rocks of the Patagonian and Santa Crux 
beds or as has been occasionally observed upon some of the 
older basalts of the interior region. 

The typical locality for the Cape Fairweather beds is near 
Cape Fairweather, where they may be seen at a distance of 
about two miles north of the (jallegos River, near the summit 
of the bluflfs, unconformably overlying the Santa Cruz beds. 
They have also been observed near Darwin Station, south of 
San Julian, where they rest unconformably upon the Patagonian 
beds. They attain their maximum development in the region 
of Lake Pueyrredon, where they form the upper 300 feet of 
two isolated buttes on the top of the high bluflf just south of 
the east end of the lake. At this locality they lie with appar- 
ent conformity upon the Santa Cruz beds, and the sedimenta- 
tion appears to have been continuous at tliis place, at leasts 
from tne one to the other series. 

Drs. H. A. Pilsbry and A. E. Ortmann, both of whom have 
studied our collections of invertebrates from these beds, are 
agreed as to their Pliocene age, which is moreover in strict 
accord with their stratigraphic position in relation to the Santa 
Cruz beds. 

Distributed over almost the entire surface of the Patagonian 
plains and resting unconformably upon the various sediment- 
ary deposits mentioned above, is the great Shingle formation 
of Pleistocene age and of combined ice and aqueous origin. 

The following table is intended to show the sequence of the 
various sedimentary rocks of Patagonia and their age as at 
present indicated by paleontologic and stratigraphic evidences. 



Pleistocene. 



Pliocene. 



Miocene. 



Oligocene. 
Eocene. 



Cretaceous. 



Jurassic ? 



Shingle formation. 
Cape Fairweather beds. 
Santa Cruz beds. 



Patagonian beds. 



Upper Lignitep. 
Magellan ian beds. 

Wanting, 



Guaraniiic bedti. 



Lower Lignites. 
Variegated Sandstones. 



Upper Conglomerates. 
Belprrano beds. 



Lower Conp:lomerates. 
Gio beds. 



Wqntifty, 



Mayer Kiver Shales. 



I 



Princeton, N. J., December 26, 1899. 
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Art. IX. — Etplorationa of the ^Albatross^^ in the Pacific. 
II. The Faumotus ; by Alexander Agassiz. 

[Letter No. 2, dated Papeete Harbor, Tahiti Island. November 6, 1899, to Hon. 
Oeooge M. Bowers, U. S. Commissioner of Fish and Fisheries, Washington, D. 0., 
by Alexander Agassiz.] 

During our stay in Papeete some time was spent in exam- 
ining that part of the barrier reef of Tahiti which had been 
surveyed by the Challenger. We found the condition of the 
outer slope of the reef quite diflferent from its description as 
given in the Challenger narrative. The growing^ corals were 
comparatively few in number, and the outer slope showed 
nothing but a mass of dead corals and dead coral bowlders 
beyond 16 or 17 fathoms, few living corals being observed 
bevond 10 to 12 fathoms. 

"We also made an expedition to Point Venus, to determine, 
if possible, the rate of growth of the corals on Dolphin Bank 
from the marks which had been placed on Point Venus by 
Wilkes, in 1839, and by MM. Le Clerk and de B6naz6, of the 
French navy, in 1 869. We found the stones and marks as 
described, but in view of the nature and condition of Dolphin 
Bank, did not think it worth while to make a careful survey, 
as Captain Moser had intended to do. On examining Dolphin 
Bank in the steam launch I was greatly surprised to find that 
there were but few corals growing on it. I could see nothing 
but sparsely scattered heads, none larger than my fist ! the 
top of the bank being entirely covered by Nullipores. We 
sounded across the bank in all possible directions and examined 
it thoroughly, and at the stage of water at which we sounded, 
found about 18 inches diflference from the soundings indicated 
by the charts. It is also greatly to be regretted that Dolphin 
Bank was not examined, neither in 1839 nor in 1869, and notes 
made of what species of corals, if any, were growing on its 
surface ; for an excellent opportunity has been lost to deter- 
tnine the growth of corals during a period of 60 years. The 
choice of this bank as a standard to determine the growth of 
corals was unfortunate, as it is in the midst of an area com- 
paratively free from corals. 

After refitting and coaling here, we left on the 5th October 
for a cruise in the Paumotus. 

We steamed for Makatea, which we had visited on our way 
to Tahiti, and not only examined the island more in detail, but 
took a number of photographs of the cliffs of the east side, 
which, on our first trip, we passed late in the afternoon. We 
crossed the island from west to east, the path leading down 
from the summit of the cliffs bordering the island into a sink 
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at least 40 to 50 feet lower than the rim of either face of the 
island. The sink occupies a little more than one-third the 
length of the island. It is deeper at its southern extremity, 
where it is said to be 75 to 100 feet below the rim of the 
adjoining cliflfs. 

It is diflScult to determine if this sink is the remnant of the 
former lagoon of the island, or of a sound formed during its 
elevation ; or if it has been formed by the action of rain and 
atmospheric agencies. The amount of denudation and erosion 
to which this island has been subjected is very great, as is 
clearly indicated by the small cailons, pinnacles, and walls of 
limestone, as well as by the crevasses which occur in the sur- 
face of the basin in all directions. The extent to which this 
action has penetrated into the mass of the island is also plainly 
shown by the great number of caverns which crop out at all 
levels along the sea face of the cliffs, some of which are of 
great height, and extend as long galleries into the interior of 
the island. It is, of course, diflScult, in the face of this exten- 
sive denudation and erosion, to state positively what may be 
part of the ancient lagoon, or sound, and what has been carried 
away by atmospheric and other agencies since the elevation of 
the island. At the south end of the island, which is lower 
than the northern part, there are only two distinct terraces, 
while at the northern end four terraces can be traced. Tlie 
southern extremity, however, is still higher than the deepest 
part of the central sink of the island. 

From Makatea, we visited Niau, Apataki, Tikei, Fakarava, 
Anaa, Tahanea, Raroia, Takume, Makemo, Tekokota, Hiknern, 
Marokau, Hao, Aki-Aki, Nukutavake, going as far east as 
Pinaki, ^wlien we turned westward again, to Nukutipipi. 

On arriving at Pinaki we decided to give up the exploration 
of the eastern extremity of the Paumotus, and not to make 
our contemplated visit to the Gambier Islands, our time hav- 
ing been greatly curtailed by delays at Fakarava and Makemo, 
from bad weather and the non-arrival of our coal supply. We 
therefore reluctantly turned westward again and made for the 
Gloucester Islands. These, as well as Hereheretue, proved 
most interesting ; they formed, as it were, an epitome of what 
we had seen on a gigantic scale in the larger atolls of the 
western and central Paumotus. We could see at a glance in 
such small atolls as Xukutipipi and Anu-Anurunga the con- 
nection between structural features which, in an atoll of 40 
miles in length and from 10 to 15 miles in width, it was often 
diflScult to determine. 

We anchored in Fakarava and Makemo Lagoons, spending a 
number of days in both these atolls. We usually timed our 
visits to the islands where we could not anchor so as to spend 



Agassiz — Explorations of the " Albatroaa.^^ Ill 

lay, or the greater part of the day, at these atolls, making 
passages at night, and sounding whenever practicable on 
^ay. 

fter leaving Tahiti we made over 100 soundings. These 
I shown in a general way that the western islands are prob- 
all on a great plateau connected perhaps by the 800-fathom 
That such islands as Anaa are probably on spurs or inde- 
lent smaller plateaux, separated from the main plateau by 
iwhat deeper water; the same may be the condition of 
ua and Takume, and of Hao and Amanu, while such 
ler and isolated islands as Tikei, Aki-Aki, Nukutavake, and 
,ki, as well as the Gloucester islands, rise from greater 
hs and are isolated peaks. At any rate, these soundings 
»te, as do the soundings oflE the Fijis, that atolls do not 
ssarily rise from very great depths, and that in this char- 
•istic atoll district, atolls are found, it is true, with steep 
58, but rising from moderate depths. The slopes of these 
3 would probably resemble in every respect the slopes of 
jlevated coralliferous limestone islands characteristic of the 
Group in Fiji. 

16 deepest sounding among the Paumotus was on the line 
le northward of Hereheretue in the direction of Mehetia, 
•6 we found a depth of 2524 fathoms, and a continuation 
16 red clay characterizing the soundings since we left 
ki. In nearly all the soundings among the Paumotus, 

at moderate depths not far from the atolls, we brought 
langanese particles or small manganese nodules. The last 
, made in deep water on the way from Hereheretue, in 2440 
>ms, brought at least half a ton of manganese nodules, 
x>ttom being red clay. 

e have now steamed about 2500 miles among the Paumo- 
and although we had not the advantage of the accurate 
Bys of the English Hydrographic charts, which made the 
:)ration of Fiji so easy, yet from the structure of these 
B it was a comparatively simple task, by steaming around 
islands and landing wherever practicable, to get a fairly 

idea of their structure. We have seen nothing in this 
5 extended examination of the group tending to show that 
3 has anywhere been subsidence. On the contrary, the 
iition of the islands of the Paumotus cannot, it seems to 
be explained on any other theory except that they have 
1 formed in an area of elevation ; an area of elevation 
nding from Matahiva on the west to Pinaki in the east, 
from the Gloucester islands on the south to Tikei on the 
h, although the islands in the line of Mangareva to Tahiti 
separated from the other Paumotus by a deep channel, 
ly 200 miles wide and more than 2400 fathoms in depth. 
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with scattered islets and atolls extending from Mangareva to 
Pinaki, and northward to Serle Island and bejond, islands 
which are not connected with the extensive platean upon 
which the greater number of the Paumota Islands to the west- 
ward of Hao rise. 

All the islands we have examined are, without exception, 
formed of Tertiary coralliferous limestone which has been 
elevated to a greater or less extent above the level of the sea, 
and then planed down by atmospheric agencies and submarine 
erosion, the greatest elevation being at Makatea (about 230 
feet), and atlNiau, where the Tertiary coralliferous limestone 
does not rise to a greater height than 20 feet. At Rairoa it 
was 15 to 16 feet high. At other islands it could be traced 
only as forming the shore platform, from 50 to 150 feet wide, 
which forms the outer face of the Paumotus and is so charae- 
teristic a feature of the atolls of the group. In other parts 
the old ledge could be traced cropping up in the interior oi the 
outer rim, or in the open cuts connecting the lagoon with the 
outer sea face of the atolls. Everywhere the space between 
the outcropping of the old ledge, as I will call the Tertiary 
coralliferous limestone, was filled with beach rock, or a pud- 
ding-stone, or with a breccia or conglomerate of coralliferous 
material consisting in part of fragments of the old ledge, and 
of fragments of recent corals and shells cemented together. 

The appearance of the old ledge and of the modern reef 
rock is so strikingly different that it is very simple to distinguish 
the two, even where only comparatively small fragments are 
found. 

We did not find in the Paumotus, as in Fiji, all possible 
stages of denudation and of submarine erosion between islands 
like Vatu Vara, Niau, Kambara, Fulanga, Ongea, Oneata, 
Ngele Levu, and Weilangilala, and atolls with a mere ring of 
surf to indicate their existence. 

In the Paumotus the islands have been elevated to a very 
moderate height and probably to nearly the same height, for 
the old ledge forming the base of the modern structure is found 
exposed nearly everywhere at about low-water when it cannot 
be traced at a slightly greater elevation. This would readily 
account for the nearly uniform height of the islands through- 
out the group. 

But there is another element which comes into play in this 
group, and has an important part in shaping the ultimate con- 
dition of these atolls. At the Fijis we have seen the subma- 
rine erosion continue until there is little left of many of the 
atolls beyond the merest small islet or rock to indicate its struc- 
ture. In the Paumotus, in the great atolls which are evidently 
only the exposed summits of parts of ridges or spurs of an 
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extensive Tertiary coralliferous limestone bed, tlie rim of the 
atoll is, after having been denuded to the level of the sea, 
again bnilt up from the material of its two faces, which is 
thrown up on the wide reef flats both from the sea face and 
from the lagoon side. We do not find in the Fijis such huge 
reef shelves to supply such masses of material from the break- 
ing up of the outer and inner edges of the Tertiary limestone 
platforms, in addition to the fragments of the recent corals 
growing upon the flat and its edges, which, when dead, are 
thrown up and formed into shingle and sand to form a pudding- 
stone, or a conglomerate, or breccia, with the fragments of the 
old ledge on the top of the reef flats. 

This pudding-stone, or beach rock, is found on all the reef 
flats of the islands of the group. It forms great bars, at right 
angles usually to the shore-line, and upon the sea face of these 
bars is thrown up coral shingle, both old and recent, which 
builds up short reaches of beaches separated by wide flats 
through which the sea rushes at high- water, or merely covers 
the flats at low tide; while on the lagoon side of the wide reef 
flats a similar process is going on, throwing up finer sand 
among the beacn-rock bars and along their sides, and thus 
building up little by little ; at first small sand bars, then larger 
bars, or islets, at right angles to the shore-line, and as they 
become larger by accretions from both sides, they finally form 
an island from 1,000 to 1,200 feet long, according to the width 
of the reef flat, extendingfrom the lagoon edge of the flat to 
the sea face of the atoll. The sand bars, little by little, become 
covered with vegetation, and at some stages of tide appear like 
islands and islets situated a considerable distance within the 
lagoon. Whenever the material supplied both from the lagoon 
side and from the sea face is very abundant, the land ring 
becomes more or less solid, the islets become consolidated into 
islands, separated by narrow or wider cuts, until finally they 
form the larger islatids which seem at first glance to form con- 
tinnons land along the rim of the lagoon, but which are often 
seen to be separated according to local conditions by narrow 
cuts which finally allow no water to pass through and merely 
indicate the former separation of the various parts of the land. 

In the lagoons of atolls of such great length as some of 
these of the Panmotus, like Rairoa, Fakarava, Makemo, and 
Hao — which are between 30 and 40 miles long, and others of 
less dimensions, considerable sea rises under the prevailing 
trades. The sea and wind generally follow the trend of the 
shores, both in the lagoon and along the sea face, so that the 
bars of beach rock act like buttresses and collect material at 
their inner and outer extremities, forming the sand bars and 
islets which eventually become the land rim of the lagoon. 
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When the material is not, from local causes, very abandant, or 
is washed out over the flats, there are fewer islands, and often 
these are but mere islets or bars for lon^ reaches of shore, 
forming the characteristic weather faces of many of the lagoons. 

Many of the lagoons are fliled with shoals or ledges awash 
or a few feet above the sea level. These shoals are parts of 
the old ledge which have not as yet been eroded, and the dis- 
integration of which has gone far to supply the material for 
the land of the outer rims of the atolls. In Fakarava there 
were no less than 36 islands and islets and ledges^ parts of a 
former great flat, now broken up, existing parallel to the outer 
reef flat about 4 miles in the lagoon. Similar reef flats exist 
in Tahanea, where they form a secondary lagoon with 2 to 
3 fathoms of water, extending nearly the whole length of the 
western face of the atoll. There are several large islands on 
this flat and at high water they would appear as the islands and 
islets of Fakarava do, as disconnected and planted in the 
lagoon itself. A secondary lagoon also exists in Bavahere, and 
in Anaa ; in both these atolls the reef flat extends across one 
extremity of the lagoon and does not run parallel to the longer 
shore-line of the atoll. 

The lagoons of these atolls have a general depth of 13 to 20 
fathoms. In some cases they are somewhat deeper, as is stated, 
but there are no measurements, the greater depths, 30 fathoms 
or more, being due to orogenic conditions. Some of the atolls 
are quite shallow, as at Matahiva, as well as Pinaki, where the 
lagoon is not more than 2 to 3 fathoms, and Takume, where it 
is from 5 to 6 fathoms deep. Some of the smaller islets we 
visited, among which are Tikei, Aki-Aki, and Nukutavake, 
have no lagoons. The former has a small shallow sink in 
which fresh water collects, but the rim is only very slightly 
higher than the interior. The last two islets are apparently 
depressed in the center, 3 to 4 feet below the outer bank of 
sand which forms the rim (about 10 to 12 feet high) of the 
basin of the island. I was at flrst inclined to look upon these 
islands as examples of islands which had been cut down to the 
level of the sea and subsequently been built up by beach rock 
and sand in the manner described above. The existence of 
extensive sand dunes on two sides of the island at Pinaki, and 
of a large dune (estimated to be 35 feet high) on the south 
shore of Nikutavake, seems to indicate the possibility of there 
having been a shallow lagoon occupying the center of Aki-Aki 
and of Nukutavake, and that these lagoons were gradually 
filled by the sand dunes, much as Pinaki is filling now. 

At Pinaki (Whitsunday Island), there is no doubt that the 
lagoon is rapidly tilling from the sand blown in by the dunes. 
They are from 12 to 15 feet high, and are forcing their way in 
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towards the lagoon, killing the pandanus and whatever ve^ta- 
tion there is growing on the land rim of the lagoon. The 
dnnes have probably tilled also a second entrance to the lagoon 
indicated now only by a somewhat lower level of the land rim. 
Mr. Moore and Mr. Townsend, who went ashore at Pinaki, 
report that the lagoon is not more than 3 fathoms deep ; they 
could wade over the greater part of it Mr. Alexander counted 
no less than 116 islets in this small lagoon — less than a mile in 
diameter — islets formed of masses of dead Tridacna shells 
thrown up on ledge rock, on the slopes of which grew madre- 
pores. The bottom of the lagoon is covered by Tridacn^a and 
masses of a species of Area live near the edge ; the interven- 
ing spaces being filled with nullipores. The entrance to the 
lagoon is perhaps 150 feet wide, and there is a cut through the 
beach rock covering the old ledge giving access to the sea into 
the lagoon at certain stages of the tide. The water in the 
lagoon is quite warm. 

At Pinaki, as at other atolls and islets to the eastward, there 
are fewer cocoanuts than on the westward atolls, and the vege- 
tation consists in great part of pandanus and puteau trees and 
the usual coral reef vegetation of the Paumotus and Fijis. 

The only atoll we have seen, the lagoon of which is entirely 
shut oflE from the sea, is Niau. In this case the old ledge form- 
ing the rim of the land, which surrounds tlie nearly circular 
lagoon, is about a third of a mile in width and sufficiently high, 
15 to 20 feet, to prevent any sea from having access to it 
except in case of a cyclone, as that of 1878, when the sea 
washed into the lagoon. The lagoon is shallow, of an average 
depth of about 3 fathoms, the deeper parts perhaps 5. The 
water is brackish, of a density of 1*0216 at 28° C. There 
are no corals living in it, but a species of mullet is found, as 
well as many marine shells, which, like those in the lagoons of 
San Salvador, in the Bahamas, are of diminutive size com- 

1)ared to their representatives living outside. The floor of the 
agoon is covered with algee. The lagoon has probably a slight ' 
connection with the sea, the water percolating through the 
limestone ring separating it from the outer reef flat. It is 
very difficult in tnis case to decide whether this lagoon has 
been gradually filled up after elevation, or whether it is merely 
a sink on a more or less uneven limestone surface. 

Dana, and other writers on coral reefs, mention a great num- 
ber of lagoons as being absolutely shut off from the sea. I 
take it these statements are due to their descriptions being 
taken from charts, many of which, as in the case of the Pau- 
motus, are very defective. For nothing is easier than to pass 
at a short distance by the wide and narrow cuts which give in 
so many cases the freest access to the sea to the interior of the 
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lagoons, and described as closed because they have no boat 
passages. I could mention as instances of such lagoons, those 
of the atolls of Takume, Hikuero, Anaa, etc., which may be 
said to be closed, yet into which a huge volume of water is 
poured at every tide over low parts of the encircling reef flats. 

The character of the coral reefs of the Paumotus is very 
different from that of other coral reef regions I have seen. 
INowhere have I seen such a small number of genera, so many 
small species, and such stunted development of the corals. 
None of the great heads of the genera so characteristic of the 
West Indian regions, or of the Great Barrier Reef of Aus- 
tralia, are to be seen, with the exception of a couple of species 
of alcyonaria they are absent, so far as our experience shows, 
and there are but few sponges and gorgonians to be found 
among the corals. The bathymetrical limit of the reef-bnilding 
coral seems to be about 20 to 22 fathoms, but nowhere have I 
seen such extraordinary development of incrusting nullipores 
as on the sea edge of the shore platforms of some of the Tau- 
motus atolls, where they build up to a height often of 4 feet 
to form the outer edge of the secondary barrier reef so fre- 
quently seen along the reef faces of the Paumotus. 

Judging from the temperatures taken at various points, 
40° F. seems to be found quite generally at about 500 fathoms 
depth. 

We made a number of surface hauls, as well as intermediate 
hauls with the tow nets, but obtained very little animal life. 
The poverty of the surface pelagic life and down to 300 
fathoms is remarkable. I do not think 1 have ever sailed over 
so extensive an area as that of the Paumotus and observed so 
little surface life; on calm days, under the most favorable con- 
ditions, nothing could be seen with the naked eye, and at night 
there was little or no phosphorescence. Inside of the lagoons 
our hauls were equally barren. 

The same paucity of animal life seemed to extend to the 
deepwatcr fauna. All the hauls we made off the islands, in 
from 600 to 1,000 fathoms, usually the most productive area of 
a sea slope, brought nothing, or so little that we came to 
grudge the time spent in trawling on the bottom, as well as 
towing on the surface or near it, a great contrast to the condi- 
tions in the Atlantic in similar latitudes, and very different 
from our anticipations. 

For these reasons no attempt has thus far been made to 
make a trial of the deep sea pump while in such unproductive 
areas, and unfortunately while we were in the region of the 
equatorial currents the weather conditions were not suited for 
a trial of the apparatus. 
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Art. X. — The Action of Ammo7iium Chloride upon 
Analcite and Leucite ; by F. W. Clarke and George 
Steigsr. 

In a recent paper* upon the constitution of certain sili- 
cates, we showed that analcite, when heated with ammonium 
chloride, gave up a part of its soda, and absorbed ammonia to 
an appreciable extent. This result ivas so remarkable that it 
seemed to demand further investigation, upon material of 
different origin, and with variation, in the details. The new 
experiments, which have led to highly interesting conse- 
quences, are now to be described. 

The analcite previously studied was from Nova Scotia. To 
the kindness of President Regis Chauvenet of the State School 
of Mines we are indebted for a liberal supply of well-crystal- 
lized material from North Table Mountain, near Golden, Colo- 
rado, of which a uniform sample of about eighty grams was 
prepared. Upon this sample the present series of experiments 
nas been conducted. Analysis of the analcite gave the follow- 
ing results : 



Analysis. 

SiO, 

Al O 


55-72 

2306 

•17 

12-46 

•13 

8^26 


Water by fractions 

At 100° 

" 180° 


I. 
•13 
•75 


^jf% — --------- 

CaO 

Na-O 


" 260° 

'' 300° 

" 350°... 

" redness 


2^44 
1'28 


H,0 at 100° 

H,0 above 100° --- 


r76 

2-03 




99-80 


Total 


839 



Above a low red heat no further loss of weight was observed. 
Upon boiling the powdered mineral for fifteen minutes with a 
twenty-five per cent solution of sodium carbonate, 0-45 per 
cent of silica was dissolved. After ignition, 0^57 per cent was 
soluble, which is practically the same amount. No silica was 
split off by heating. 

The experiments with ammonium chloride fall into two 
series. The first of these was conducted precisely as in our 
former investigation, by grinding the powdered mineral into 
an intimate mixture with four times its weight of chloride, and 
heating in an open crucible. In three cases the material, after 
volatilization oi the ammonium chloride, was reground with a 
fresh amount of the salt, and then heated again. The tem- 
perature and duration of the experiments was purposely some- 
what varied. After heating, the material was leached out with 

♦This Journal, October, 1899. 
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water, the sodium chloride which had been formed was esti- 
mated, and in tlie residue the fixed ammonia was determined. 
In this series there were four experiments, with results as 
follows : 

Hours Soda Ammonia in 

hoated. Temperature. removed. residue. 

A 28 300" 4-76 2-04 

B 8^ 350° 6-36 2-88 

C 26 360° 3-76 1-72 

D 6 340° to 380° 6-70 2-85 

In our work upon the analcite from Nova Scotia the ammonia 
retained by the leached residue ranged from 2*03 to 2*36 per 
cent, while the extracted soda varied from 6*07 to 6*10. In 
two of the new experiments these figures are perceptibly 
exceeded, and they represent the shortest duration of heating. 
Prolonged heating seems to be undesirable, and to undo a part 
of the reaction which has taken place ; otherwise the results 
obtained are of the same order as their predecessors. About 
one-half of the soda in the analcite is converted into chloride, 
while variable ammonia is retained. 

In the second series of experiments a sealed tube was sub- 
stituted for the open crucible. The powdered analcite was 
intimately ground with four times its weight of ammonium 
chloride, as before, and then heated to 350° in a tube furnace 
for from four to eleven hours. Under these conditions practi- 
cally the whole of the soda in the mineral was converted into 
sodium chloride, while all of the liberated ammonia was 
absorbed by the residual silicate. Upon leaching the contents 
of the tube with water, to remove sodium and ammonium 
chlorides, a residue was obtained which exhibited constant 
composition whether dried at 100° or at the ordinary tem- 
perature of the air. Three samples of the residue were pre- 
pared and analyzed ; other samples were partially examined 
and used for subsidiary experinients. . The three analyses, let- 
tered for future reference, were as follows, the analcite itself 
being included in the table for comparison. 

Analcite. Residue A. Residue B. Residue G. 

SiO 55-72 61-93 61-68 61*79 

A1,0, 23-06 25-21 25'33 26-24 

CaO -17 .... 

Na,0 12-46 -40 -22 '28 

NH, 7-23 6-95 7*71 

H,0 8-39 4-50 4-91 601 

^^am^i^^^^^^^^^^^ a^^^M^H^^i^^H^^V fl^^^^lB^^^HM^^^V MIHH^MHH^MB^^^B 

99*80 99 27 99*09 100*03 

Residue C was prepared with the greatest care, and was air 
dried. Exposed over sulphuric acid in a vacuum desiocator for 
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fourteen days, it lost in weight only 0*08 per cent. Tested for 
chlorine, only a slight trace could be recognized, but upon 
boiling for nfteen minutes with sodium carbonate solution it 
yielded 1'97 of soluble silica. After ignition only 1'70 of 
silica was soluble, or somewhat less than before. Upon heat- 
ing to constant weight at 300°, only 046 percent was lost; 
but at 350° it slowly decomposed, giving oflf ammonia. At 
300° the compound is stable. 

The 0*28 per cent of soda remaining in residue C may be 
regarded as representing unaltered analcite ; doubtless coarser 
particles which escaped complete transformation. It corre- 
sponds to 1*98 per cent of analcite ; which, together with the 
1"97 of soluble silica, and the 0*46 of water lost below 300°, 
may be deducted from the substance in order to obtain the 
composition of the delinite compound. The latter amounts to 
94'72 per cent of the total residue, and agrees very nearly in 
composition with the formula 

2NH..H,O.Al,0..4SiO,. 

Recalculating the 94*72 of residue to 100 per cent, we get the 
following comparison between analysis and theory. 

Found, Calculated. 

SiO 6107 60-92 

A1,0, 26-15 26-88 

NH, 8-14 8-63 

H,0 4-64 4-67 

100-00 100-00 

Written in rational form the compound becomes equivalent 
to an anhydrous ammonium analcite, 

NH.AlSiA; 

that is, analcite in which sodium has been replaced by ammo- 
nium. From this point of view the reaction between analcite 
and ammonium chloride becomes a simple case of double 
decomposition, and is perfectly intelligible. To establish this 
conclusion, however, corroborative experiments were necessary. 

In the first place, the observed equivalency between the 
sodium lost and the ammonia gained might be due to a mere 
coincidence, and so far be illusory. One atom of sodium, tak- 
ing chlorine from ammonium chloride, liberates one molecule 
of ammonia, the amount which the analcite residue has retained. 
Suppose more ammonia were present, — could it be absorbed ? 

To answer this question another tube was prepared, with the 
usual mixture of analcite and ammonium chloride. This was 
covered by a loose plug of glass wool, in front of which we 
placed enough pure lime to liberate about double the normal 
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amonnt of ammonia. The tube was then sealed, and heated to 
350° as in the previous experiments. Upon opening the tube, 
a strong outrush of ammonia was noticed ; but in the leached 
and thoroughly washed residue only 7*52 per cent of ammonia 
was found. This quantity agrees with that from the previous 
samples, and shows that the limit of the reaction has been 
practically reached. One molecule of ammonia is retained, 
and no more. 

Still another experiment was tried upon a portion of the 
residue marked C. If the compound is really an ammonium 
salt, it should be decomposable by caustic soda in such a way 
as to reverse the reaction by which it had been obtained. The 
substance, however, is very insoluble, so that the reaction takes 
place slowly. To phenol phthalein it is absolutely neutral, and 
with Nessler's reagent it reacts only after long standing. 

To settle the question a weighed portion of the compound 
was boiled in a distilling flask with a ten per cent solution of 
sodium hydroxide, to which water was added from time to 
time. The distillate was collected in a tube containing aqueons 
hydrochloric acid ; and the ammonia which passed over was 
weighed, ultimately as chloroplatinate. By four hours boiling 
6*90 per cent of ammonia was driven off and determined ; and 
the residue remaining in the flask, after washing until no alka- 
line reaction could be detected in the wash-water, was examined 
for soda, of which 10*41 per cent was found. The anticipated 
reaction had taken place, although not completely ; it was 
enough, however, to confirm our opinion, and to establish the 
nature of the new compound beyond reasonable doubt. Other 
confirmation was obtained later, from the study of leucite. 

The foregoing paragraphs now enable us to understand a phe- 
nomenon which we observed in our work with the open crucible. 
In that case a partial reaction takes place between the analcite 
and the ammonium chloride, producing, as in the sealed tabe, 
a mixture of an ammonium alumino silicate with sodium 
chloride; the two substances being separable by leachine. 
But if, instead of leaching, the mixture be heated to full red- 
ness, ammonium chloride is reformed and given off, leaving a 
residue which contains little or no sodium chloride, ana is 
wholly insoluble, or almost so, in water. That is, the reaction 
which occurs at 350° is reversed at the higher temperature, and 
anhydrous analcite, or an isomer of it, is regenerated. Ammo- 
nium and sodium again change places, and the original state of 
molecular equilibrium is restored. 

What, now, is the nature of the product obtained in the 
open crucible, after sodium chloride has been removed? Is it 
a definite, intermediate compound, or an indeterminate mix- 
ture? In our former paper we adopted the first of these 
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matives, and assis^ned to the substance the formala 
^'a,Al^Si,0,4.NH,. In this expression we were influenced 
the researches of Friedel, who had shown that ammonia 
Id in part replace the *'zeolitic" water of analcite ; but it 
r appears that the phenomenon observed by him is quite 
inct from that discovered by us, and, indeed, of an entirely 
erent order. We may, therefore, in accordance with our 
r data, rearrange the formula ; transforming it to that of an 
nonium salt, HNa,NH^Al^Si,0,„ the agreement with the 
lytical figures being approximate only. The results 
lined are not sharp enough for certainty, 
'his product we are now inclined to regard as a mixture, 
oagh it is not strictly intermediate between analcite and its 
1 ammonium derivative. Only half of the eliminated 
iam has been replaced by ammonium, while hydrogen, or 
er, makes up the deficiency. It seems probable that the 
5tion in the sealed tube and that in the open crucible are at 
: essentially the same ; but that in the latter case secondary 
;tions follow which cause the variations in the final results. 
:he sealed tube, the element of pressure comes into play, 

the reaction is complete. In the open crucible, pressure 
icking; some ammonia escapes fixation and reacts upon a 
b of the sodium chloride which was at first formed ; hence 
composition of the leached residue is essentially modified. 
8 residue may be a definite compound ; but the case in its 
>r is unproved, and the presumption is rather against it. 
between analcite and leucite the closest analogies have long 
D recognized. The two minerals have similar composition, 
Y resemble each other in crystalline form, and they yield, 
n alteration, products of the same order. Recently also, 
Icite, like leucite, has been identified as a not uncommon 
stituent of volcanic rocks ; analcite-basalt being a good exam- 
In view of these resemblances, it was plainly desirable to 
ipare the minerals by means of the ammonium chloride 
;tion ; a task which has been performed with satisfactory 
ilts. 

n a preliminary experiment a sample of leucite, taken with- 
regard to purity, was heated with ammonium chloride to 
° in a sealed tube. Potassium chloride was formed corre- 
nding to 18*06 percent of potash, and in the leached residue 
> per cent of ammonia was found. The foreseen reaction 

occurred, and more careful work was accordingly under- 

3D. 

)ur material consisted of a large, irregular crystal of leucite 
n Vesuvius, which yielded about twenty grams of the pure 
leral. This was ground to a uniform sample, and a portion 
t was analyzed ; the analysis will be given presently. The 
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sealed tube experiments were conducted precisely ae in the 
case of analcite, and they confirmed both the preliminary test 
and our anticipations. Chlorides were formed equivalent to 
18-53 per cent of potash, 1*08 of soda, and 0*08 of alumina; 
the reaction therefore, was very nearly complete. The leached 
residue was then analyzed, and the data, compared with the 
analysis of the original mineral, were as follows : 

Leucite. Residue. 

SiO, 55-40 60-63 

A1,0, 23-69 26-44 

CaO -16 trace 

K,0 19-54 -50 

N»p 1-25 -25 

NH...... 7-35 

H,0 -24 5-17 

100-28 100-34 

Leucite, then, gives the same reaction as analcite, and yields 
the same ammonium compound. A closer agreement in the 
composition of the latter cojald not reasonably be demanded. 
Ammonium leucite is formed in both cases, by ordinary doable 
decomposition, in a state of' approximate purity; the first sili- 
cate of ammonium, we think, which has ever been prepared. 
At the suggestion of«Dr. F. K. Cameron an attempt was made 
to transform ammonium leucite into the corresponding lime 
£alt, CaAl,Si^O„, by fusion with calcium chloride. The 
ammonium leucite was mixed with a saturated solution of cal- 
cium chloride, which was evaporated to dryness, then heated 
gradually to dehydration, and finally fused. Ammonium 
chloride was given off and identified. LTpon treating the fused 
mass with water, filtering, and thoroughly washing the resi- 
due, a white powder was obtained, which after drying at 100°, 
was analyzed. It was also examined microscopically by Mr. 
J. S. Diller, who found it to consist of apparently isotropic 
grains, showing traces of incipient crystallization. The follow- 
mg analysis is contrasted with the theoretical composition of 
calcium leucite, from which it varies considerably. 

Found. Calculated. 

SiO 54-35 60-30 

A1,0, 26-23 25-63 

CaO 17-38 14-07 

K,0 -16 

Na,0 -25 

CI -28 

Loss on ignition 1-24 

99-89 100-00 
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ridentlj, the desired salt was not definitely obtained, and 
>rodnct appears to be a mixture. The reaction, however, 
3 in the right direction, and deserves further study under 
r conditions. Probably the water which was present in 
nixture of silicate and chloride took part in the changes 
need ; although of this we cannot be certain. It is inter- 
ff to note that the product obtained approximates in com- 
;ion to the meteoritic mineral maskelynite, which is regarded 
3rhaps a calcium leucite by Groth. 

lie question now arises whether the observed reaction with 
ionium chloride is limited to a few species or is fairly gen- 
To test this point we have made preliminary experiments 
1 a number of other minerals, heating in a sealea tube to 
, with the following results: The percentage of bases 
>ved is calculated in each case upon the original minerals ; 

of the ammonia is the amount fonnd in the leached and 
led residue. 

'cUrolite. — 17'66per centof soda removed, 8*29 of ammonia 
Q up. 

aumontite. — 4*61 of lime and 0*35 of soda removed, 3*95 
iimonia absorbed. 

ilbite. — 6*54: of lime and 1'31 of soda extracted, 5*36 of 
lonia in the residue. 

habazite. — 4:'37 of lime and 1*13 of soda removed, 4'56 of 
)onia retained. 

homsonite, — 7*94 of lime and 3*40 of soda extracted, 4*01 
nimonia taken up. 

^eulandite, — 4*59 of lime and 1*59 of soda extracted, 3*64 
fnmonia retained. 
povhyllite. — 21*59 of lime and 5*18 of potash removed, 

of ammonia in residue. 

*ectolite, — 20*72 of lime and 6*46 of soda extracted, 1*44 of 
lonia retained. 
'laeolite. — 2*25 of soda taken out, 0*74 of ammonia retained. 

will at once be seen that the reaction takes place in most 
5, but with varying completeness. In some instances the 
imposition is very slight, in othere it is near the possible 
t. In each case the ammonia of the residue was obtained 
lecomposing the material with hydrochloric acid, supersatu- 
ig with caustic soda, distilling into tubes containing hydro- 
ric acid, and final weighing as ammonium chloroplatinate. 
1 of the minerals mentioned is to be studied more thor- 
ily hereafter, and prehnite, sodalite, and possibly other 
ates will be added to the list. 

is evident that all of the zeolites are well suited to this 

method of study, and it is more than probable that the 
jrences in the action of ammonium chloride upon them cor- 
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respond to differences in their chemical structure. But the 
reaction goes further than this, for it enables us to substitute 
in many minerals a volatile base for fixed bases, yielding sili- 
cates which split up on ignition in such a way as to shed light 
upon their molecular constitution. 

For example, if ammonium leucite is a true metasilicate, a 
salt of the acid H,SiO„ it should break up, when ignited, in 
accordance with the following equation : 

2NH,Al(SiOJ, = Al,(SiO.). + 2NH. + H,0 + SiO,; 

that is, one-fourth of the silica ought to be set free, measurable 
by extraction with sodium carbonate solution. No such split- 
ting oflE occurs, however ; an ammonium leucite which already 
contained 1*97 per cent of soluble silica gave only 1*70 per 
cent after ignition ; hence no additional silica had been liberated. 
We may conclude, therefore, that analcite and leucite are not 
true metasilicates but pseudo compounds; either salts of a 
polymeric metasilicic acid or mixtures of ortho-and tri-silicates 
as suggested in our former paper. The ammonium salt corre- 
sponding to such a mixture, when ignited, might be expected 
to give the following reaction : 

SiO, = Ara, SiO. 

/ \A1-Si,0. lAl / \Al-Si,0,=Al; 

Al--SiO,= Am, -2Ara,0 = Al— SiO. 

Si.O,- Al Si.O,- Al 

a reaction which is in harmony with our experimental results. 
In it no free silica appears: and many, if not all, conditions of 
the problem are satisfied. Other formulae, however, are possi- 
ble; so that these oflfer merely one explanation of the phenom- 
ena, which one may or may not be the best. 
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Art. XI. — Devonian Strata in Colorado ; by Arthur C.- 
Spencer. 

Early recognition of Devonian, — The presence of Devonian 
strata in the San Juan region of Southwestern Colorado was 
announced in the report of F. M.» Endlich, of tlie Hayden 
Survey, for the year 1874. The age determination, based 
apon a small collection of fossils, was made by F, B. Meek, 
the paleontologist of the Hayden Survey, and upon the evi- 
dence of this determination the geological map of South- 
western Colorado in the Hayden atlas, which appeared in 1877, 
had Devonian areas represented upon it. This work, however, 
has been either lost sight of, or discredited by recent writers 
upon the geology of the Rocky Mountains. In his paper 
upon ^' Orographic Movements in the Rocky Mountains," 
S. F. Emmons* indicates that of the areas represented upon 
the Hayden map as Devonian and Carboniferous, the lower 
part is known to be Silurian, though the facts on which this 
opinion was founded are not oriven. Again in a paper upon 
"Orographic and Structural Features of Rocky Mountain 
Geology," R. C. Hillsf states, without qualification, that there 
are no recognizable Devonian sediments between the Silurian 
and Carboniferous in the San Juan region. He, however, 
expresses the belief that Devonian strata may yet be found in 
Southwestern Colorado. 

Further information concerning the strata from which End- 
lich collected the fossils, pronounced by Meek to be Devonian, 
has recently been obtained by the Geological Survey party 
in charge of Dr. Whitman Cross, while engaged in areal 
mapping. The writer was a member of the party, both 
in 1897, when the fossiliferous limestones were found, and 
in 1898, when extensive collections were made. The actual 
localities which Endlich mentions have not been revisited 
as yet, but all the forms which he found, together with 
many others, have been obtained from beds in the Animas 
valley, which are evidently connected by continuous outcrop 
with the Devonian areas mapped by Endlich. 

The fossils which Endlich collected have been preserved in 
the National Museum, where there are, also, other collections 
from beds in Central Colorado which now prove to be related 
to those of the San Juan region. These fossils have been 
made the subject of careful study by Dr. Geo. H. Girty of the 
U. S. Geological Survey, in connection with the determination 
of the more recent collections. The result of Dr. Girty's 

♦ BuU. Geol. Soc. Am., i, p. 280. f Proc. Sci. Soc. Colo., iii, p. 366. 
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investigation has been to confirm Meek's opinion of the 
Devonian age of the fossils which were found by Endlich, and 
to establish the basis for a correlation of the Devonian of the 
San Juan region witli strata in other parts of the State which 
have hitherto been included in the Lower Carboniferous. 

Devonian in Southwestern Colorado. — The Devonian rocks 
are at present the oldest formations which are well authen- 
ticated in the San Juan region of Southwestern Colorado. 
Silurian was represented upon the Hajden map in End- 
lich's area, and though the areal distribution of the lower 
formations, as there shown, is very incorrect and gives no basis 
for a conclusion, it is thought from the text* that his Silurian 
is the basal quartzite of our section. The quartzite is wanting 
or of very limited development on the east side of the Animas 
river, where the Devonian was fii*st discovered by Endlich, 
while it is very prominent in the vicinity of Cascade creek 
where his Silurian is indicated. The incompleteness of the 
Hayden map in regard to the basal portion of the sedimentary 
section is to be wondered at, since at no place where it has 
thus far been studied by us is the Devonian limestone absent 
between the crystalline basement and the rocks of well-recog- 
nized Carboniferous age. 

The series below tiie Carboniferous consists typically of 
three members, a sandstone or quartzite at the base, a shale 
series, and a massive limestone. Of these, the lowest is fre- 
quently wanting through non-deposition, and the middle mem- 
ber is also sometimes very thin or entirely absent. The 
formation name, Ouray limestone, is proposed for the only 
member of the section which is definitely shown by its fossils 
to be of Devonian age, from the prominent occurrence in the 
vicinity of Ouray at the junction of Cailon creek with the 
Uncompaghre river. No names will be proposed for the lower 
formations at present, since, for purposes of mapping, it may 
prove necessary to include them under a single name. 

Above the Devonian there is apparent conformity of depo- 
sition, but the occurrence of Upper Carboniferous fossils within 
a few feet of the Devonian limestone, and the absence of any 
fauna comparable with the Lower Carboniferous fauna from 
the Gunnison region and from Tourtelotte park, suggests a gap 
in deposition which represents the whole of the Lower Car- 
boniferous. There is, however, a possibility that there may be 
a few feet of unfossiliferous limestone above the true Devonian, 
and not differentiated from it, which is really of Lower Car- 
boniferous age. Such a lack of lithological difference would 

* Hayden Geol. and Geog. Surv. of Terr., Report of F. M. Endlich for 1874, 
p. 210. 
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be quite analogous to the relations observed between the two 
formations in other places. 

The most important areas of Devonian lie in the region 
south and west of the pre-Paleozoie core of the Needle 
Mountains. (Quartzite Mountains of tlie Hayden map.) The 
Ouray limestone has been noted as far east, as Los Pinos river, 
and may be traced across the Florida river, and still westward 
to the Animas, where it was first observed by the writer. 
Detailed studies have not been made throughout this region, 
but the two lower members of the section are known to be 
locally absent. All of them are present along the west side of 
the Animas river for about twenty-five miles, from their 
southernmost outcrop about thirteen miles north of Durango, 
at P.inkerton Springs, to where they are covered by volcanic 
rocks of Tertiary age, just south of Silverton. In the vicinity 
of Ouray this formation rests upon the Algonkian rocks, the 
lower beds being absent. Southeast of Silverton, in Deer 
Park, and along the Bare creek trail, the quartzite is locally 
missing, while the shaly series is always present underneath the 
limestone. Still farther east and more to the north, upon the 
headwaters of the Lake Fork of the Gunnison river, none of 
the Devonian formations are found in place, but several huge 
blocks of quartzite and limestone like those of the Devonian 
were observed in the lower part of the great complex of eflfu- 
sive rocks which covers that region. Apparently these were 
wrenched off during some eruption and floated up by the 
fluid or viscous rhyolite lava, to be subseqaently covered by 
streams of andesite and similar rhyolite. The Ouray lime- 
stone has also been identified in the marbleized limestones 
which appear near the center of the remarkable structural 
dome at Kico, some fifteen miles west of the Animas valley, 
opposite the Needle mountains. The known occurrences of 
the Devonian thus indicate its distribution over an area of 
approximately six hundred square miles in the San Juan 
region, with every reason for supposing an actual extent very 
much in excess of this. 

The relations of the formations indicate an overlap, and, 
therefore, an advancing sea during the period of their deposi- 
tion ; however, the vertical element of the overlap was, at the 
most, not more than 200 feet. Thus, the relations of the sedi- 
ments to their basement is indicative of a surface of very low 
relief in the pre-Devonian topography. 

The quartzite which forms the basal member of the series 
here considered varies in thickness from zero to perhaps 100 
feet. It is typically a massive white or reddish quartzite in 
which a well marked jointing is usually developed. It is com- 
posed almost entirely of quartz and its grain is rather fine and 



128 Spencer — Devonia/ii Strata in Colorado. 

uniform. Local variations are observed where the sandstone 
is flaggy, and conglomerates of medium coarseness are not rare 
in the lower part. Near the southernmost exposures in the 
vicinity of Rockwood, the contact with tlie basement rock, 
which at that place is granite, is marked by a basal conglom- 
erate some six feet in thickness. The bowlders in this con- 
glomerate, which have a diameter of six inches or more, are 
confined to the slight depressions in the floor. Above the 
conglomerate, and running over the tops of the knolls, there 
comes a fine-grained sandstone or quartzite. At the top of the 
quartzite there is an alteration of red or gray earthy limestone 
with reddish shales for a thickness of a few feet. The lowest 
of the earthy limestones is luted onto the topmost layer of the 
quartzite. The materials of this basal formation are remark- 
able in that they contain no fragments of feldspar though 
they rest directly upon a coarse granite, and that the bowlders 
were not derived from the rocks which immediately underlie 
the conglomerate. Such a formation is not the result of a 
rapidly advancing coast-line, but is rather the effect of activi- 
ties which must have been long continued. 

The occurrence of fish scales in the sandstone of the basal 
formation was reported by Endlich, and a single slab exhibit- 
ing fish remains was found by us in a talus pile at the base of 
a quartzite cliff near Kockwood, on the Silverton branch of 
the Denver and Rio Grande Railroad. The only other fossils 
from the quartzite are very imperfect impressions, which Mr. 
Walcott is inclined to refer to Crxcziana or Rusophijcus^ sup- 
posed plants which are respectively of Silurian and Cambrian 
types. 

The middle or shaly member varies in thickness from 25 
to perhaps 100 feet in the Animas region. As already stated, 
it 18 missing in the Uncompahgre region. The shale series is 
very imperfectly exposed upon the west side of the Animas 
river, but upon the east side it may be studied at several places. 
It is especially well exposed in the high basins at the head of 
Deer Park, southeast of Silverton. It consists of calcareous 
marls and flaggy shales containing an occasional band of white 
sandstone. In color it has a somewhat variegated appearance, 
due to alternating bands of red, green and gray color. Wher- 
ever it is exposed, or wherever talus derived from it is found, 
it may be readily recognized from its general appearance. One 
of the most characteristic features is the appearance of slabs 
of sandy shale, which contain the curious markings that are 
known to represent crystals of halite, showing hopper-shaped 
crystals preserved as pseudomorphs in the substance of the 
rock. 
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The Ouray limestone is a massive limestone varying in 
thickness from 100 to 300 feet. In places the limestone is in 
>ne massive layer, while elsewhere it is in two oi* three heavy 
t>ands separated by greenish crnmbling marls. The limestone 
18 nsaally white, but is sometimes stained red or pink. Certain 
strata are somewhat coarsely crystalline, but as a rule the lime- 
stone is fine-grained. The chemical composition is variable, as 
18 shown by the careful selection of certain portions for use in 
the smelter at Durango. The discarded portion is said to be 
too siliceous for metallurgical use. 

The total thickness of the Devonian in the Animas region 
varies from 200 to nearly 600 feet, the former figure repre- 
senting the usual development. At Ouray the thickness is not 
far from 200 feet. 

The fossils which have enabled a determination of the age 
3f this series are found in the limestone a short distance below 
the top. Neither the extreme upper or lower layers have thus 
far yielded organic remains. In the zone in which the shells 
occur there are several thin layers which are more coarsely 
crystalline than the mass of the limestone, and these are very 
frequently fossiliferous. The fossils are never prominent to 
casual observation, but when their horizon is once located and 

fatiently searched, it usually proves to be quite productive, 
n some places, however, where many fossils are present, col- 
lecting proves unsatisfactory because of minute jointing which 
makes it impossible to secure perfect specimens. A list of the 
forms which have been recognized is here given : 



Sireptelasma sp. 
Schizophoria striatula, 
Orthothetea chemungensis var. 
Productdla semu/lobosa. 
Productella subalata ? 
Spirifer dUjuncttts var. Am- 

masensis, 
Spirifer coniculiis, 
Athyris coloradcenaia. 
Athyrie vittata var. 
Camarotcechia {Rhyncoiidla) 

Endlicbi. 
Camarotcechia contracta f 



Mytilarca ? sp. 
Paracyclas sp. 
Modiomorpha sp. 
AUorisma sp. 



JSuomphalus clymenio\ 
Euomphalue Decewyi, 
Pleurotomaria sp. 
Naticopais ? humilia, 
N^aticopsia gigantea, 
Bellerophon sp. 
Orthoceras sp. a. 
Orthoceraa sp. b. 
Orthoceras sp. c. 



ioidea. 



Devonian Strata in Central Colorado, — In the course of 
the geological studies which have been made from time to 
time in Central Colorado, under the direction of Mr. S. F. 
Emmons of the U. S. Geological Survey, the determination of 
the presence or absence of Devonian rocks was a problem most 
difficult of satisfactory solution. Only the recent work at 
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Aspen has given any evidence of a positive nature, but a re- 
examination by Dr. Girty of the fossils collected at varions 
localities in the central portion of the State has resulted in 
establishing the occurrence of Devonian strata in this region. 
It seems desirable to bring together in this place all the available 
information concerning the strata of Central Colorado which 
are now known to be of Devonian age. Some of the data 
have not been published hitherto. 

At Leadville Emmons* was not able to find strata which 
could be referred with certainty to the Devonian. A meagre 
Silurian fauna was found in the lower part of the sedimentary 
scries, while higher in the section, Carboniferous fossils were 
also found, but between these there was a considerable thickness 
of strata from which no organic remains were obtained. In the 
absence of adequate fossils, and in view of the opinion expressed 
by R. P. Whitfield,t that the charactere of RhynconeUa Jind- 
lichi were Carboniferous rather than Devonian, it was con- 
cluded that Devonian strata had not yet been found in Colorado, 
and it was thought advisable to apportion the lower part of the 
Paleozoic section between the Silurian and the Carboniferous. 
Between the white limestone of the Silurian and the bine 
limestone, which was classified as Lower Carboniferous because 
of the fossils which were found in its upper part, there is a 
quartzite which is typically about forty feet in thickness. This 
siliceous band was called the " Parting Quartzite " and it was 
given position as the uppermost member of the Silurian. 
Between it and the fossiliferous horizons of the blue limestone 
there are nearly 200 feet of limestone which are entirely unfos- 
siliferous. It is this portion of the limestone immediately 
above the " Parting Quartzite " that probably corresponds 
with the Devonian of the Gunnison and Salida sections, 
described in what follows. 

With the knowledge gained in the Leadville work, Mr. 
Emmons was able to establish the general correspondence of 
the Paleozoic rocks at several places adjacent, and his general 
results have been found correct by those who have made more 
detailed examinations under his direction. 

During the field seasons of 1885-S6, Mr. George H. Eld- 
ridge was engaged in the study of the stratified rocks of the 
Gunnison region. At this time, he also made careful sections 
and collections in the vicinity of Salida. At both places, Mr. 
Eldridge was able to recognize the " Parting Quartzite," and 
in the limestone strata which immediately overlie it, fossils 

* Geology and Mining Industry of Leadville. Monograph U. S. G«ol Suir^ 
xii, p. 56. 
f Idem. 



Spencer — Devonian Strata in Colorado. 



131 



were found which had a Devonian aspect, but, in the absence 
of any stratigraphic criterion, the data were not considered to 
be suificient to warrant the mapping or tlie description of the 
Devonian in the Anthracite-Crested Butte Folio, published in 
1894. Part of the fossils which were collected in this region 
are in the National Museum and have been examined by Dr. 
Girty, who finds among them forms identical with those from 
the Devonian limestone from the San Juan region. The 
Devonian fauna is succeeded by a characteristic assemblage of 
Lower Carboniferous forms. 

In the summer of 1889, at the instance of Mr. Emmons, a 
careful search for fossils was made by T. W. Stanton, in the 
lower Paleozoic strata near Glenwood Springs. Rhynconella 
Endlichi was one of the few forms collected, the rest being 
either Lower Carboniferous or pre-Devonian. At the time, 
this was taken as negative evidence in favor of the absence of 
•Devonian, but since Rhynconella Endlichi is now known to be 
of that age, it seems probable that the Devonian limestones 
are present at this place. The "Parting Quart zite" is also 
probably present, though its true relations are obscured by the 
faulting which has taken place.* 

At Aspen, Spurrf has described the same stratigraphic ele- 
ments as those recognized at Leadville : the white limestone, 
the ** Parting Quartzite," and the blue limestone are all present. 
Fish remains of a Devonian type, which were found in the 
" Parting Quartzite," furnish the basis for correlating this 
series with the Devonian of the Kanab valley in Southern 
Utah and Northern Arizona, as described by Walcott4 The 
stratigraphic position and lithology of the siliceous series in 
both regions are similar and have oeen considered by Spurr a 
enflScient basis of correlation. 

The fossils occurring at Salida have been determined as 
follows : 



MonotrypeUa sps. a, b, and c. 
Schizophoria striatula, 
Orthoihetes Chemungensis. 
Orthothetes Chemungensis yslt, 
Productella subalata f 
Productella subalata var. 
Productella semiglobosa. 



Spirifer disjunctus var, Ani- 

masensis, 
Athyris Color adoensis. 
Camarotoechia {Rhynconella) 

EndlichL 
Camarotcechia contracta f 
Euomphalus clymenioides, 
Orthoceras sp. a. 



* Opinion of Mr. Emmons in conversation. 
A f Monographs of U. S. Geol. Survej, zzxi, pp. 9-30. 
^ i This Journal, zz, p. 224. 
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In the Gunnison region the following forms were found : 

Streptelasma sp. * Spiri/er disjunctu8 var. Ani- 

Chcetetes sp. masensis, 

Monotrypella sp. b. Athyris Coloradcensia. 

Schizophoria atriatula, Camarotcechia {RhynconeUa) 

Orthia sp. EndlichL 

Orthothetes Chemungensia var. Camarotcechia contracta f 

Chonetes sp. Naticopsis? humilU. 
Productella aemigloboaa. 

Other localities which are represented in the collections of 
the U. S. National Maseam have yielded some of the forms 
listed above. The labels are not definite, but show the occur- 
rence of the fauna over a wider area than that in which the 
section has been studied in detail. They are as follows: Mass* 
ive limestone of White river, Colorado ; Cailon of Cement 
creek, Colorado ; Northwestern Colorado ; Southwestern Colo- 
rado. 

After a comparison of the fossils from the various localities^ 
Dr. Girty says : '' The strata from which these forms have been 
collected are without doubt of Devonian age. As they have 
essentially the same fauna, I refer them to the same horizon, 
which I take to be well up in the Devonian. In my opinion, 
it probably belongs below the Chemung, at about the base of 
the Upper or near the top of the Lower Devonian. While 
this fauna is clearly related to other fossil assemblages of oar 
western Devonian, it cannot be said to be strictly identical with 
any one of them, for its common forms, Spirifer disfunctm 
var. AnimasensiSj Athyris Coloradcensis^ and CamarotiBchia 
Endlichi^ which, so far as I am aware, have not been found 
elsewhere, give it considerable individuality. Of the faunas 
with which I am familiar, it most closely resembles that 
described by Whiteaves from Hay river, Canada, and from 
other parts of the Mackenzie region." 

Correlation, — The combined evidence furnished by paleon- 
tology and stratigraphy, as set forth in the preceding para- 
graphs, is thought to be sufficient to establish the practical 
equivalency of formations of Devonian age occurring in widely 
separated localities of Colorado, Utah and Arizona. The 
" Jrarting Quartzite" has been a datum of reference in all the 
geological investigations iu the Central region of Colorado. 
With the discovery of its age as Devonian its equivalence with 
strata of that age in the Grand Caflon district was established, 
and now it is found to be represented in the San Juan region 
of Colorado. The evidence upon which this correlation rests, 
is the occurrence of lish remains of similar types in the three 
regions, and the corresponding position which the siliceous 
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series occupies below the Devonian limestone, in the San Juan 
region, and in certain localities in Central Colorado. 

Fossils from the limestone immediately above the " Parting 
Qnartzitc" in the Gunnison region and at Salida are found to 
represent a fauna which is identical with that obtained from 
the Devonian limestone occurring above the siliceous series in 
the San Juan region. The correlation is thus firmly estab- 
lished, both as regards the limestone and the siliceous beds 
beneath it. It must be borne in mind, however, that in the 
San Juan region the lowest strata may be older than Devonian. 
There is a suggestion of this in the poorly preserved plants 
from the lower part of the quartzite, but the unity of the 
quartzite member as a whole is distinctly against this view.* 

Following up the correlation brouglit out by Spurr between 
the " Parting Quartzite " of Central Colorado and the Devonian 
of the Grand Cafion region, it is of interest to note that the 
lower part of the Red Wall limestone of the Grand Cailon, 
below the part which contains the well recognized Lower 
Carboniferous forms, is unfossiliferous. It was suggested 
by Gilbertf that the base of the Red Wall Carboniferous 
limestone had possibly been placed so low that it might include 
the Devonian and even part of the Silurian. Devonian rocks 
have since been found below it,J and if the sequence is parallel 
in Colorado and the Grand Cafion district, it is very probable 
that the lower part of the Red Wall limestone is equivalent in 
age as well as in position to the Devonian limestone of Colo- 
rado. 

If the correlations here suggested are correct, it appears that 
Devonian and associated strata were originally deposited over 
an extensive area in the Southern Rocky Mountain region, 
the boundaries of which are as yet entirely unknown. 

U. 8. Geological Survey, June, 1899. 

* While there is, in the mind of the writer, no reason for doubting the equiva- 
lence of the siliceous formations which he correlates with the *' Parting Quartzite," 
he does not accept as conclusive the evidence concerning their age. The hsh 
remains have been pronounced of Devonian types, but in no case have they been 
specifically determinable, and it is to be remembered that the fishes from the 
Lower Silurian near Cafion City are of types not previously known to occur below 
the Devonian. 

t U. S. Geol. Surv. W. of 100th Mer., iii, p. 178. 

X C. D. Walcott, loc. cit. 
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Art. XII. — Sphalerite Crystals of a peculiar habit and 
with one New Forrriy from Galena^ Kansas; b}" Austin F. 

EOGERS.* 

The sphalerite crystals nsually found in the lead and zinc 
district of southeastern Kansas and southwestern Missouri 
are those of the ordinary types which are tetrahedral in aspect. 
The commonest of these types is that which exhibits the fol- 
lowing combination : o (111) 1, o, (ill) I, a (100) ^-^. Of these 
forms the negative tetrahedron o^ is usually the predominant 
one. During the past summer some crystals of a peculiar habit 
w^ere obtained from this region, a description of which seems 
worthy of publication. They were collected by the writer at 
the Tennessee Prairie mines live miles south of Galena, Kansas. 

1 take pleasure in expressing my thanks to Mr. Clark, superin- 
tendent of the mines, for his kindness in allowing free access 
to the ore bins and dump piles. 

The cryst^als are reddish-brown in color and vary in size 
from one-half to three centimeters in longest diameter. They 
are found as isolated crystals in a dark clayey siliceous matrix 
and show no attachment. The associated minerals include 
dolomite, j^yrite, and chalcopyrite, the two former of which 
occur in considerable quantities. 

The peculiarity of these crystals is that they are abnormally 
developed, being shortened in the direction of one of the octa- 
hedral interaxes. The predominant faces are those of the 
rhombic dodecahedron. In consequence of this abnormal 
development the crystals appear as combinations of a rhombo- 
hedron with the prism of the second order. On account of 
the presence of certain faces soon to be described the crystals 
have a decided hemimorphic aspect in the direction of the 
above mentioned axis. Here, then, we have an isometric crys- 
tal possessing apparent lower symmetry, namely, that of the 
rhombohedral-homimorphic group. Figures 1 and 2 represent 
crystals of this habit. Figure 1 is an ordinary clinographic 

f)rojection, which is shortened in the direction of the octa- 
ledral interaxis connecting the faces (111) and (III). Figure 

2 is an orthographic projection with (111) as the plane of pro- 
jection. Truncating half of the dodecahedral edges are the 
faces of a hemi-tetragonal trisoctahedron, the form <r(833), |4 
which seems to be new for sphalerite. As these faces and 
their combination edges with rf(llO) are somewhat rounded 
and the faces are dull, no measurements with the reflecting 

* Published by permission of the Director of the University Greological Survey 
of Kansas in advance of the final Report on Lead and Zinc. 
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goniometer were possible. The angle (ta^(t over the edge 
^ (833 /v 833) was measured with a contact goniometer giving 
the following results : 

Limits. Average. Calculated. 
c/^cr (833 /v 833) 12 measurements 55°-57** 55° 43' 55° 52^' 

Angle measurements for the same form on crystals of normal 
habit from other localities in this district confirm these results. 
They are as follows : 

Limits. Average. Calculated- 

c/vcr (833/^833) 18 measurements 55°-56° 30' 55° 46' 56° 52^' 

Occasionally the negative tetrahedron is present. The 
rongh surface which it exhibits is characteristic of all the sphal- 
erite crystals of the district. 

Twins are more common than the simple crystals, which is 
also true of all the sphalerite crystals of the district. The 
twinning plane is the ordinary one for sphalerite, ^(111)1. 
As no reentrant angles are present, the twins may easily be mis- 
taken for simple crystals, but they may bo recognized as such 
by the fact that the prominent dodecahedral faces have no 
other dodecahedral faces parallel to them, and by the further 
fact that in the positive octants only two of the a faces are 
united at one point while in the simple crystals three meet 
around this point. 

Becke* has shown that the positive and negative character 
of the forms on sphalerite may be distinguished by means of 
etch-figures. He used hydrochloric acid, but fortunately some 
of the crystals here described exhibit natural etch-figures on 
the faces of the dodecahedron. One large twinned crystal 
measuring 25"" by 30""" shows them very well. 

The etch-figures consist of '' etch-hills "f which in plan 
appear as monosymmetric four sided figures, fig. 3, with the 

♦Becke, 'Bschermak's Min. u. Petr. Mitth., vol. v, p. 457, 1883. 

f For a recent discussion of the nomenclature of etch-figures ace R. A. Daly, 
A Comparative Study of Etch-Figuros ; The Arnphiboles and Pyroxenes. Proc. 
Am. Acad, of Arts and Sciences, vol. xxxiv, pp. 375 et seq. 
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axis of symmetry hd parallel to the shorter diagonal of the 
faces of the dodecahedron. Approximate measurements of 
the angles abo and ado gave 110° and 80° respectively. The 
solid angle at h is elevated above the general surface of the 
crystal, while the points a, c, and d are on this surface. In 
elevation, therefore, the etch-hills appear as in fig. 4. Here 





the angle ehd is near 90°. The edges ah and ho and the solid 
angle at h are modified by minute faces which are not repre- 
sented in the drawing. The " figure faces "* ahd and bed are 
highly polished and seem to reflect light at the same angle 
that the a faces do, so that these figure-faces may perhaps be 
represented by the same symbol. The etch-figures resemble 
those described by Beckef except that the lines corresponding 
to db and bo in tig. 3 are parallel to the edges of the dodeca- 
hedron while the lines in our figure are inclined about 20** 
thereto. In Becke's illustration the acute angle of the mono- 
symmetric etch-figures points toward the negative octant. As 
this acute angle on our crystals points away from the cr faces, 
the latter are the faces of tlie positive hemi-tetragonal trisocta- 
hedron <r(833), |-f and the prominent dodecahedral faces are 
(101), (lIO), and (Oil). 

In conclusion I wish to thank Prof. E. Haworth for sugges- 
tions in the preparation of this paper. 

Mioeralop^ical Laboratory, XJDiversity of Kansas, 

Lawrence, Kansas, December, 1899. 

* Daly, loc. cit. 

fBecke, loc. cit. Figure copied by Tschermak, Lehrbuch der Mineralogie, 
p. 146. 
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Art. XIII. — On (he Estimation of Thallium as the acid 
and neutral Sidphates ; by Philip E. Browning. 

[Ck>ntributioQ8 from the Kent Chemical Laboratory of Yale UniyersUj — XGIIL] 

Crookes* Las shown that the salt obtained by heating thal- 
lons chloride with sulphuric acid until the excess of the latter 
is expelled and then raising the heat to redness has the consti- 
tution of a neutral sulphate. 

He also found that continued heating did not result in any 
essential loss of weight, and suggested the possibility of apply- 
ing this method of treatment to the estimation of thallium. 

Castanjenf in a recent paper discusses thoroughly the com- 
pounds of thallium and confirms essentiall}^ the statements of 
Crookes in regard to the neutral sulphate, adding, however, the 
observation that on strong ignition in the air this salt tends to 
lose sulphuric acid. He also mentions in the same paper the 
acid sulphate and states that on heating it first melts and on 
continued heating gives off sulphuric acid, leaving the neutral 
sulphate. 

The work to be described in this paper was undertaken to 
determine under what conditions the formation of these salts 
may be applied to the estimation of thallium. For the work a 
solution was made by dissolving a given amount of the nitrate 
in water and making up to a liter. The value of the solution 
was determined by precipitating measured and weighed 
amounts of this solution both as the iodide and chromate, as 
described in a previous paper.:!: Closely agreeing results by 
both methods were taken as the standard. Measured amounts 
of this solution were drawn from a burette into weighed plati- 
num crucibles, and the weight taken as a check on tlie burette 
reading. To the solution m the crucible a few drops of sul- 
phuric acid was added and the water removed by evaporation 
over a steam bath. The crucible was then removed to a radi- 
ator, consisting in this work of a conical iron cup, and heated 
at a temperature ranging from 220° 0. to 240° C., until fum- 
ing ceased and the weight after half hour periods of heating 
remained constant. The crucibles were placed in a radiator 
upon a pipe stem triangle so that they were about 5*^™ from the 
bottom, which was heated at low redness. A thermometer 
hung so that the bulb occupied the same position as the crucible 
gave the reading mentioned above. 

As will be seen, the results obtained by this treatment agree 
closely with the calculated amounts of acid sulphate which 

*Chem. News, viii, 243. X Jour. f. prakt. Chem., cii, 131. 

f This Journal, viii, 460. 



138 



Brownvrvg — EisUmation of ThaUium. 



ehonld be formed. In several experiments this salt was dis- 
solved in water and the sulphuric acid present iu combination 
precipitated by barium nitrate. The results obtained agreed 
closely with the formula <»f the acid sulphate of thallium. 
Having obtained by the method described the acid sulphate, 
the crucibles were removed and heated carefully over a free 
flame to low redness, when, after a considerable evolution of 
sulphuric acid fumes, the weight again became constant, and 
the results showed a condition closely approximating to that of 
the neutral sulphate. In several of these experiments the 
sulphuric acid present in combination was determined and 
showed amounts closely agreeing with the constitution of the 
neutral sulphate. 
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0-1609 


0-1590 
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0-0002- 



These results would seem to show that thallium may be 
estimated either as the add sulphate or as the neutral sulphate 
by careful attention to the proper conditions of temperature. 
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Abt. XtV. — The Motion of a Submerged Index Thread of 
Mercury in the Lapse tf Time; by C, Barus. 

1. If a short thread of mercary I£ is uBed under water as 
aa index in the vei'tical stem of a balb B, it is a commoQ 
observation to find that the mercury will gradually creep down- 
ward into the bnlb. Thus to take the case of an old Oersted 
piezometer bnlb {capacity 33™') surraonnted by a stem O'l™ in 
diameter internally and exposed to variations of atmospheric 
temperature, the positions of the mercury meniscus were (neg- 
lecting intermediate observations) 

1896, Feb. 8 9* Temp. 17" C. "^^P I 

e 10'' 14° 3-1 

10 10'' 15° 2-5 

11 15" 19° 2-1 

12 12'' 17° 2-9 
Since the thread returns to the same tem- 

peratore on the 12th as on the 8th of Feb- 
ruary, 1896, the motion of the thread down- 
ward during tlie intervening 4 days and 3 
honrs (say 100 liours) was I'T""". 

From this it apparently follows that there 
must be leakage of liquid around the mer- 
cury and that a thin cylindrical shell of 
liquid may be sought for, between the 
thread of mercury and the inner wall of the 
glass stem. The viscosity of uiereury being 
larger than that of water, this motion will 
persist in the main by shearing the shell of 
water in question. Under these circum- 
stances (accepted as a first hypothesis) the 
condition of motion may be computed. 

Lot T be the radius of the tube, Sr the 
thickness of the shell of water subjected to 
a cylindrical shear. Let I be the length of the thread of mer- 
cury, t the time in which the thread creeps down the length 
S/. Then the tangential stress shearing the film is per unit of 
area itrH 13'6 g/1ird = 6700 r nearly, when g is the accelera- 
tion of gravity. On the other hand, the rate at which the 
shear is increased is in the same e.g.8. units Sl/tBr. Therefore if 
1} be the viscosity of water at 20° (about "01 say), 

8r = I) a / 6700 tr = -0000015 5// tr, nearly. 
In the above piezometer 8/ = 1'7"°, r = -OS™, t = 36X10' sec. 
Hence Sr = l'4xl0""™. If, therefore, the film were uniform, 
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and of the normal viscosity of water, its thickness would have 
to be much below even the diameter of the molecule of water. 

This surprising result shows that the conditions assumed are 
not given. If water contributes to the motion, it must do so 
with so thin a lilm as to possess a viscositj enormously ereater 
than the normal 17 assumed, or in other words, the diTOrence 
between superficial and internal viscosity is here paramount. 
Again the result is a mixed phenomenon and it must be the 
object of experiment to disentangle the part played by capil- 
larity from the part due to viscosity. 

2. When in a room of variable temperature the thread of 
mercury is moved up and down in consequence of the thermal 
expansion of the water in the bulb, the effect is a tendency to 
moisten the tube or keep up a supply of water between mer- 
cury and glass. In the absence of such motion the film will 
gradually be squeezed out between mercury and glass where- 
upon the thread of mercury will hermetically seal the contents 
of the bulb. One would expect, therefore, that if the liquid 
is kept at constant or very slowly varying temperature, the 
mercury thread will be stationary. To test this I placed the 
above piezometer in a space of approximately constant tem- 
perature (i. e. varying very gradually from season to season). 
The results obtained were 



1896, Feb. 14 


Temp 


.14-6'' C. 


Top 4-4«'" 


Bottom 7 0<"" Reduced mean ) 6*9^ 
71 position at 14 ^C. J 68 


17 




14-2 


4.4 


23 




130 


4-9 


7-0 6-8 


Mar. 15 




14-5 


6-3 


7 9 6 8 


Apr. 19 




160 


4-9 


7-6 70 


Aug. 5 




19-9 


62 


7-8 8-9 


1897, Fob 6 




140 


130 


Lost 14-3 



Comparing this table with the last, it is seen that between 
Feb. 8, 1896, and Feb. 6, 1897, both at 14'* C, the descent is 
about 12^'" for the year. The mean rate of descent for the 
year, however, is but -0014^"* per hour as compared with •017"° 
per hour at the outset. Indeed, if the mean positions of the 
thread be reduced to a common temperature (see table), the 
curve obtained indicates an initial retardation of motion with 
time, succeeded by a marked acceleration of the motion on 
passing through the region of high summer temperatures; 
although the thread is but 2G*^™ long and the bulb quite sab- 
merged, some reason already exists to lead one to suspect vis- 
cous dilatations of the bulb. . 

3. At the circular edge of the meniscus three surfaces meet, 
and the diflFerence of surface tensions of mercury-glass and 
water-glass must be equal to the resolved part of the surface 
tension of mercury-water. In other words, the resultant of 
surface tensions is normal to the glass surface at the edge in 
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question, thus admitting of a considerable contact angle. I am 
unable, however, to find satisfactory data for the stresses in 
question ; but it is probable from the large values of surface 
tension involved that the rate at which water is withdrawn 
between mercury and glass is more rapid than the motions of 
the thread instanced above. The problem, therefore, now 
assumes a somewhat different form, namely, to so wet the 
glass by moving the mercury thread as to favor a supply of 
film between mercury and glass. I tried many methods to 
accomplish this. They were all negative as to results, and I 
will, therefore, merely describe one. The capillary tube AB 
(above figure), '08^™ in diameter, surmounted by a cistern A^ 
was provided at its lower end with a bulb C(l'2*^° in diameter, 
4.5CIU long), large enough to displace the thread M throughout 
its length (about S'S*'™) by reasonably heating the bulb in water 
baths (18° to 40°). A millimeter scale was attached to the 
stem and read off with a telescope. The tube was first placed 
in a special water bath of constant temperature (about 18°), 
and the position of the thread taken while a sensitive ther- 
mometer indicated the temperature of the bath. The tube 
was now removed and submerged successively in the two 
auxiliary water baths in question. In this way the thread was 
kept in continual motion at an average rate of about a centi- 
meter in 10 sec, the operation being prolonged throughout 
3,000 seconds. Finally the tube was returned to the normal 
water bath and the position of the thread read off at the tem- 
perature given by the sensitive thermometer. The bulb itself 
showed about 'ii^™ per degree C, thus admitting of corrections. 
The results indicate a fall of less than -05*^" for the 3000 sec- 
onds of motion. Inserting the superior limit in the above 
equation, a film having average thickness of hr <GxlO~*"''"' is 
deduced, in spite of the continued motion of the thread. This 
result, as absurdly small as the corresponding datum in § 1, 
shows the effect of motion of the kind applied to be insignifi- 
cant. 

4. Finally the endeavor was to be made to study the effects 
due to the volume viscosity of glass. The bulb of the above 
piezometer being 35^*"* in capacity, a promising method would 
consist in reducing the volume to a very small value. Accord- 
ingly two tubes (Nos. II and III) with bulbs -25""^^™ and 
^^Qcubcm iyj capacity, and stems respectively "P"" and •2*^"' in 
diameter, were selected. These were filled with pure water 
and a short thread of mercury (4*7*^™ and 4*2 long in the two 
cases), inserted under water near the open ends of each. The 
tubes were now provided with glass millimeter scales and a 
thermometer, and then completely submerged in pure water 
contained in a long stand glass, closed with a ruober cork. 
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16° C. 
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17-5 


±00 


19 


+ •11 


22-7 


•31 


15-8 


•70 


19^0 



14:2 C, BaruB — Motion of a Submerged Index Thready etc. 

Observations of tlie lower and upper menisens of each tnbe 
were taken from time to time in the course of about 4 years. 
Though placed in a vault, the seasonable variations of tem- 
perature could not be excluded. Change of temperature, how- 
ever, was very gradual, and in view of the small bulbs and 
wide stems, the mercury thread was but slightly shifted. The 
data are recorded in the following table, and for brevity the 
mean positions of the threads (point midway between the 
upper and lower meniscus) need only be given, as observed 
before and after April 19, 1896. 

Time. No. II. 

1890, Feb. 17 —•13*^'" 

Feb. 23 —-10 

Mar. 15 —•OS 

April 19 ±^00 

Aug. 5 + *07 

1897, Feb. 6 -24 

1899, Dec. 12 92 

The mean positions are referred to an arbitrary cm. scale 
reading downward. Since the effect of temperature is slight, 
both series may be plotted to show their variations in the lapse 
of time. The data are found to be regular and consistent 
throughout the whole time of nearly 4 years. The larger 
thinner thread II shows more rapid motion than the shorter 
thicker thread III. Both move at a regularly retarded rate 
through infinite time, and there can be no further doubt that 
the cause of motion is the volume viscosity of the bulb, which 
is thinner and sustains slightly more pressure in case of II 
than in case of III. Taken together, the present rates under 
like conditions are strikingly less than the rate of motion for 
the above large piezometer bulb, which is again in accord with 
the more effective conditions for exhibiting volume viscosity 
in tbe latter case. Between April, 1896, and December, 1899, 
at 19° C, the mean motions of the threads were but 29x10"* 
per hour for IL and 22x10"* per hour for III, as compared 
with the rates 17000x10"" per hour and 1400x10"* per hour 
(above, § 2), for the large bulb. 

5. I was not prepared for the above results, not snpposinir 
that the viscous volume expansion of a totally submerged cold 
glass bulb, resulting from the pressure excess of a thread of 
mercury but 2^6*^"long, would be of such marked value. More- 
over this thread is filled in under water and in all cases retains 
a moist appearance, which may, however, only mean a clean 
surface of contact. Obviously, however, the surface viscosity 
of water, i. e. the change of viscosity with diminishing thick- 
ness of tilm can not be observed in this way. For the case of 
thin oils with small surface tension I am by no means sure that 
tbe case is hopeless and I have accordingly arranged a series of 
tubes with this end in view. 

Brown Ubiyersity, Providence, H. 1. 
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SCIENTIFIC INTELLIGENCE. 

I. Chemistry and Physics. 

1. On the third Radioactive substance in Pitchblende, — In 
he belief that other radioactive substances occur in uranioite 
>e8ides polonium and radium, Debiebne, at the suggestion of 
)/L and Mme. Curie, has made a further examination of this 
nineral in the laboratory of the Sorbonne ; giving especial atten- 
ion to those substances whose acid solutions are not precipitated 
)y hydrogen sulphide, but which are completely precipitated by 
immonia and ammonium sulphide. The crude material employed 
Arae from an Austrian chemical works where uranium com- 
)Ounds were made from pitchblende, and hence contained these 
compounds only in small quantities. Since the quantity of radio- 
ictive substance was very small, even in this residue, the several 
lundred kilograms used were first treated so as to eliminate 
)olonium and radium as completely as possible. The larger por- 
.ion of the ammonia precipitate was made up of alumina and 
ron oxide, though zinc, manganese, chromium, vanadium, 
iraniam, titanium, columbium and tantalum were also present 
n minute quaotitiep, as were also lanthanum, didymium, cerium 
ind the yttrite earths. As the other elements were successively 
separated, the new substance became concentrated, the portion 
containing the titanium and its analogues showing radioactivity 
?ery intensely. A product was finally obtained giving the prin- 
npal reactions of titanium, but which emitted extremely active 
-ays, a fraction, by a rough determination, being estimated to be 
i hundred thousand times more active than uranium. While its 
chemical properties are entirely different from those of polonium 
md radium, its radiations are entirely comparable to those given 
3ut by these elements. They discharge electrified bodies, they 
excite phosphorescence of a barium-platinocyanide screen and 
they act on the photographic plate. The new substance, bow- 
ever, is not self-luminous, as Mme. Curie has shown radium to 
be. — C. R.y cxxix, 503, October, 1899. g. f. b. 

2. On the Spectrum of Radium. — Having received at various 
times from M. and Mme. Curie specimens of barium chloride 
containing radium in progressively increasing quantities, Demar- 
^AY has submitted these to spectrum examination and finds not 
>nly that with the increase of radio-activity the line of wave 
length 3814*8, observed by him a year ago, becomes stronger, 
but that new lines also make their appearance. In the last speci- 
men examined the radio-activity was about 1*7 X 10* times that 
)f usanium. Its spectrum was photographed in the ordinary 
wz.y and was found to contain lines between wave lengths 5000 
\o 8500. This spectrum showed (1) a very intense and complete 
ipectmm of barium ; (2) the spectrum of the platinum electrodes 
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and of certain impurities, such as calcium and lead, tbe lines 
being very weak; and (3) fifteen new lines belonging to radium, 
some of which are as strong as tl)e brightest barium lines. These 
lines have the following wave lengths, the numbers appended 
being the intensities, 16 being the brightest and 1 the feeblest: 
4826-3 (10), 4726-9 (5), 46998 (3), 46921 (7), 4683-0 (14), 4641*9 
(4), 4627-4 about, (4), 4600-3 (3), 4533-5 (9), 4458*0 about, (3), 
4436-1 (8), 4364-2 (3), 43406 (12), 3814-7 (16), 3649*6 (12). At 
4627-4 and 4458-0 are the centers of nebulous bands, the latter 
being the weaker. The lines are sharp and fine and recall those 
of barium. Other lines were observed, a dozen or more in num- 
ber, but very faint. They will be measured when the radium is 
further purified. The author is now examining the less refrangi- 
ble region. — (7.7?., cxxix, 716, November, 1899. g. p. b. 

3. On the Atomic Mass of Radio-active Barium Chloride,— 
Experiments have been made by Mme. Curib to determine the 
atomic mass of the metal existing in the successive products of 
purification of the radio-active barium chloride. Two kilograms 
of this active chloride, extracted from half a ton of uraniiim 
residues were submitted to fractional crystallization, the activity 
being concentrated in the least soluble fractions. The chloride 
thus obtained was fractionally precipitated with alcohol. The 
most active material was contained in the precipitated portions. 
The atomic mass was determined in the anhydrous chloride in 
the usual way by precipitating the chlorine with silver nitrate. 
£ach of these determinations was accompanied by a similar de 
termination on inactive chloride, as a control. The radio-activity 
was simultaneously determined by measuring the current flowing 
between the two plates of a condenser 8*^™ in diameter placed 8*" 
apart, the diff'erences of potential between these plates being 100 
volts. The active material occupied a circular space 2*^" in diam- 
eter on the lower plate. The current produced by metallic ura- 
nium under these conditions is 0*25 X 10""** ampere. With the soc- 
cessive fractions the following values were obtained : 



ix 10—" amperes 


a 


m 


Ba 


750 


3000 


140*0 


138*1 


1170 


4700 


140-9 


137*6 


1870 


7500 


145*8 


137*8 



Here i represents the current passing, a the radio-activity thus 
measured in terras of uranium taken as unity, in the atomic mass 
of the metal in the active chloride and Ba that of the metal io 
the inactive chloride used for comparison. It will be observed 
that a notable diff*erence exists between the atomic mass of the 
active chloride and that of the ordinary chloride ; and further 
that as the radio-activity increases, the atomic mass becomes 
greater also. Taken in connection with the spectrum results 
obtained by Demaryay as given above, it would seem that radium 
has a right to recognition as an element. The substances above 
measured were fractions examined at once after their preparation. 
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t it shoald be noted that the radio-activity of all these frac- 
nSy whether produced by crystallization as in the case of the 
ioride or by precipitation as in that of the sulphate and carbo- 
te, increases very rapidly for several days after assuming the 
id form ; attaining at the end of some weeks in the case of the 
ry active fractions a limiting value which may reach even five 

six times the initial one. Experiments have not yet been 
kde to fix the atomic mass of the substance used by Demar9ay — 
lich was 17000 times more active than uranium — for want of 
kterial. Evidently the atomic mass of radium is higher than 
It of barium. — C, H,, cxxix, 760, November, 1899. g. p. b. 
I. On Chemical Effects produced by JBecquerel Hays, — A yet 
»re remarkable eflfecc of the Becquerel rays has been noticed by 

and Mme. Cubie. They find that these rays emitted by very 
ongly radio-active barium salts arc capable of transforming 
ygen into ozone. When such a salt is preserved in a stoppered 
ttle, for a short time, there is perceived on opening the bottle a 
;tinct odor of ozone ; a fact first noted by Demar9ay with the 
nple of active barium chloride sent him for his spectroscopic 
»rk. With the bottle open the odor is dissipated almost com- 
Jtely. But if the bottle be closed it regains its primitive intens- 
• in ten or fifteen minutes. The production of ozone in this 
,y was verified by the authors by means of iodide of starch 
per which, placed before the mouth of the bottle, was distinctly 
iored. The tint is darker if the active substance is placed 
•ectly on the paper. Ordinary barium chloride produces no 
ect under these conditions. The radio-active substances required 
produce this ozonizing effect are all very active and very lumi- 
as. But the effect seems more directly connected with the 
iio-activity than with the luminosity ; a radium carbonate, 
>agh very luminous, producing less ozone than a radium chlor- 
f, much less luminous though more strongly radio-active. An 
&logou8 action of the Becquerel rays upon glass has also been 
served by the authors. If a sample of a radium salt be pre- 
ved for a long time in a stoppered bottle, a violet coloration 
pears inside the glass and passes gradually through to the out- 
e. With a very active material, the bottom of the bottle 
pears almost black in the course of twelve days. Even barium 
ktinocyanide, when exposed to the action of radium, begins to 
•n first yellow and then brown, losing its power of phospho- 
cence ; though by exposure to sunlight this power may be 
lovered. This yellowing effect can take place even through a 
,te of aluminum. If such a plate covered with the platino- 
mide be placed above a radio-active salt, in the dark, the 
.tinocyaniae phosphoresces at first strongly, but gradually 
somes brown and loses its brightness. But now if it be 
>osed to light the platinocyanide is partially regenerated, so 
.t it now shines in the dark ; thus showing the synthesis of a 
raphorescent body of long duration by means of a fluorescent 
ly and a radioactive one. Even crystals of the radiobarinm 
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ohloridey deposited from a hot saturated solation on coolingy which 
crystals are colorles.^, assume gradually a rose color; this color 
being assumed the more rapidly as the substance is more strongly 
radioactive. Since the transformation of oxygen into ozone 
requires a consumption of energy, the above production of ozone 
seems to prove in these rays a continuous evolution of energy.— 
(7. i?., cxxix, 823, November, 1899. G. p. b. 

6. On the Chemical Action of X-Rays. — The interesting 
results of M. and Mme. Curie just given have led Villard to 
publish some similar observations noticed sometime ago with 
A-rays. When a Crookes tube has been in use for some time the 
glass, as is well known, becomes violet in color in that portion 
above the plane of the anticathode, i. e., on the spot where it 
receives the cathodic rays. This region is struck both by the 
cathodic rays and by the X-rays simultaneously. To determine 
which produces the effect, the author surrounded the anticathode 
of a focus tube with a large glass tube, the interior walls of which 
could be protected against the cathode rays by a very thin plate 
of aluminum which is very transparent to the X-rays. A sil- 
houette in opaque metal, as platinum for example, could be inter- 
posed in the path of these rays. After a half hour of action, the 
author observed that when no aluminum was interposed, the tube, 
if of flint glass, blackened strongly taking a bluish tint with a 
metallic luster; while if of ordinary glass it became simply 
brown; both being cases of ordinary cathode reduction such as is 
produced in a reducing flame. If the aluminum be interposed, 
however, it arrests the cathode rays and suppresses this reduction 
completely; and now only a violet coloration is developed, 
equally with both kinds of glass. This effect is evidently due to 
the X-rays. It is produced only above the plane of the anti- 
cathode and if a small plate of platinum be interposed, the pro- 
tected region remains colorless. This phenomenon is certainly 
one of oxidation, the violet color being due probably to manga- 
nese. It establishes an interesting relation between X-rays and 
Becquerel rays. — C, R., cxxix, 882, November, 1899. g. f. r 

6. On the new Element Victorinm, — By means of long con- 
tinued fractionations, by fusion and partial decomposition of the 
nitrates, by crystallization of the oxalates, and by precipitation 
with potassium sulphate, resorted to in succession, Cbookss haa 
succeeded in isolating from the earths of the cerium and yttrium 
groups a new element which he has called victorium. Victoria is 
an earth of a pale brown color, easily soluble in acids and less 
basic than yttria. If the oxide be assumed as Vc,0,, the atomic 
mass of victorium is about 117. The best material for obtaining 
its phosphorescence in a vacuum tube is, not the earth itself, bat 
the anhydrous sulphate. The spectrum contains a pair of strong 
lines at 3120 and 3117 and fainter ones at 3219, 3064 and 3060.— 
Proc, Roij. Soc, Ixv, 237-243, 1899. G. F. B. 

7. The Elements of Physics^ for use in High Schools. By 
Hbnby Cbew, Ph.D., Professor of Physics in Northwestern 
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University. 8vo, pp. xiv, 347. New York, 1899. (The Mac- 
millan Company.) — ^Tbe starting point oi this book, as the author 
tells as in his preface, is the essential unity of the Science of 
Physics. Being the science of matter and energy, its various 
subdivisions should obviously be so presented that the student 
passes by easy and natural steps from one to another, recogniz- 
ing continually the great fact that while energy is conserved, it 
appears in various iorms and gives rise to various phenomena. 
An examination of the book seems to show a good measure of 
success in this direction. The plan is excellent and quite novel 
for an elementary manual. The classification is good, the treat- 
ment of the subject is clear and exact, the illustrations are iresh 
and well selected. We think that Dr. Crew has produced a text- 
book which will not only render a service to the grade of schools 
for which it was written, but will find a place in other and higher 
institutions. g. f. b. 

8. Modes Opkratoires des JEssaia da Commerce et de P Indus- 
trie. Le9ons pratiques d'analyse chimiqne faites aux Labora- 
toires Bourbouze. Par L. Cuniasse et H. Zwilling, Chimistes- 
£xperts de la Ville de Paris. Avec preface de M. Ch. Girard, 
Directeur du Laboratoire Municipal. 12mo, pp. viii, 302, Paris, 
1900. (Georges Carr6 et C. Naud). — An analytical manual of 
commercial chemical analysis, giving the methods followed in the 
Bourbouze laboratory of the City of Paris. It is divided into 
two parts, the first treating of mineral analysis, the second of the 
analysis of organic substances. The methods seem to be well 
selected and clearly described. And the range of subjects 
treated is very considerable in view of the size of the volume. 
It will prove of much use to students in industrial chemistry, as 
the processes are modern and the details are well worked out. 

G. F. B. 

9. Madioactive Substances. — M. Henri Becquerel has studied 
the phosphorescent effect of the radiation of radium. This sub- 
stance was mixed with a lew milligrams of barium chloride and the 
radiation was directed upon calcium, strontium sulphides, and 
rubies, diamonds, calc spar, fluorite, and hexagonal blende in a 
Becquerel phosphoroscope. It was found that all substances 
which became luminous under the X-rays also showed phosphor- 
escence under the radiations from radium. A species of diamond 
which was very luminous under these radiations did not become 
luminous under the effect of the X-rays. Similar differences were 
observed with other substances. The author concludes that there 
is a loss of energy by radioactive substances. — Comptes jRendus, 
Dec. 4, 1899, pp. 912-917. j. t. 

10. Deviation of the Becquerel rays in the magjietic field, — 
F. GissEL shows that these rays are deviated by magnets. A 
preparation of polonium was the source of the rays. Radium 
also showed the same phenomenon but not to so high a degree. — 
Wied. Ann,, No. 12, 1899, pp. 834-836. J. T. 
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11. Velocity/ and aiuceptibility to magnetic action of the Cathode 
rays. — In the same field which Professor J. J. Thomson has 
worked,*^ E. Wiechbrt has made an elaborate investigation and 
believes that the discoveries of Lenard and Kontgen show the 
existence of an electrical atom of smaller dimensions than the 
chemical atom. This electrical atom has a negative charge. It 
is reasonable to suppose also that there are positive atoms of cor- 
responding size. The deviation of the cathode rays by magnetic 
infiuence seems to the author far greater than if they consisted of 
streams of ordinary chemical atoms. On the emission hypothesis^ 
therefore, it is necessary to suppose atoms of smaller size. The 
method of experimenting consisted largely in the use of Lecher's 
arrangement of circuits for determining wave lengths of electrical 
oscillations. A table of the values of the velocity v of the nega- 
tive atoms is given in comparison with the velocity V of light. 
From this table it appears that the velocity v is about \ of that of 
light. The ratio of the electrical charge to the mass of the atom 
is of the order 4-64.10*' or 3-04.10".— Wied. Ann., No. 12, 1899, 
pp. 739-766. J. T. 

12. On the limits of hearing, — H. Koenig continues his investi- 
gations* of the upper limit of hearing and discusses the applicabil- 
ity of different methods of study. These methods consist in the 
use of rods vibrating transversely, rods vibrating longitudinally, 
vibrating plates and organ pipes, strings and membranes. By 
the use of Kundt's dust 6gures, the notes of tuning forks from 
c* to above /*', or to 90,000 vibrations, can be determined with 
great accuracy. Strings and membranes are unsuitable for the 
detf rmination of high notes. The paper concludes with a fall 
summation of the results obtained. — Wied. Ann.^lS^o. 12, 1899, 
pp. 721-738. J. T. 

13. Method of showing periodic current curves. — Two papers 
have appeared on this subject in which the deviation of the 
cathode rays by an electromagnet is employed as the method of 
measurement. A bundle of cathode rays forms a luminous spot 
on a fluorescent screen and the position of this spot moves as the 
bundle is deviated periodically by the infiuence of an electro- 
magnet. In fact this bundle constitutes an index of no weight 
and is well calculated to exhibit the periodical changes of the cur- 
rent which excites the electromagnet. The method is due to 
F. Braun (Wied. Ann., Ix, p. 653, 1897). It is elaborated by 
J. Zenneck. The same number of Wiedemann's Annalen alio 
contains a paper on the same method by A. Wkhnelt and B. 
DoNATH, who described a simple arrangement of the Brann 
cathode tube in combination with a photographic camera. The 
method is applied by the last-named writers to an inveetigation 
of the Wehnelt electrolytic interrupter, and they conclude that 
the Braun tube is suitable for quantitative measures of current 
and electromotive force curves. — Wied. Ann., No. 12, 1899, 
861-870. J, T. 

* See this volume, p. 66. 
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IT. Geology and Natural History. 

1. The Geological and Natural History Survey of Minfiesota, 
N. H. Winch ELL, State Geologist. The Geology of Minnesotay 
Vol. IV of the final report ; by N. H. Winchell assisted by 
U. S. Grant, J. E. Todd, W. Upuam and II. V. Winchell. 
St. Paul, 1899. — This volume deals with the geology of the 
northern third of the State of Minnesota, including all the 
counties bordering on Lake Superior and on the international 
boundary, as well as the great iron-producing sections of the 
State. The region to which it is devoted is an absorbingly inter- 
esting one. The interest is located at the two extremes of the 
geological scale. With the exception of a few scant remnants 
of a once extensive Cretaceous iormation, all the older rocks of 
the region belong to the Archean or to the overlying Animikie 
and Keweenawan which are together designated by Winchell as 
**Taconic" contrary to common usage. Upon the glacially 
abraded surface of these older formations lies the late Pleisto- 
cene drift, and imposed indifferently upon the drift and older 
rocks are the features of the Glacial and post-Glacial lacustrine 
occupation. There are thus two classes of geologists who will 
be especially interested in the volume, viz : those who have 
worked in pre-Cambrian geology and those more particularly con- 
cerned with the problems of the Pleistocene. Of the thirty-two 
chapters contained in the volume six are devoted to Pleistocene 
and Recent geology, two by Upham and four by Todd. The last 
chapter of the volume is by H. V. Winchell and deals with *' Min- 
nesota Iron Mining, economically and statistically considered." 
The remaining twenty-five chapters deal chiefly with the geol- 
ogy of the older rocks. Thirteen of them are written by N. H. 
AV inchell and twelve by Grant. The volume is large and im- 
portant in appearance and has the attractiveness which graphic 
representations give to otherwise tedious geological descriptions, 
there being no less than 31 geologically colored plates, 48 photo- 
engravings, and 114 cuts in the volume. The volume does not, 
however, contain as much as its size would lead one to suppose. 
This is due to the method adopted for the presentation of the 
subject matter of the volume. The first twelve chapters give a 
description of this portion of the State by counties. In the 
majority of cases contiguous counties have the same or closely 
analogous geological features. Each county, however, or in some 
instances a group of counties, is written up as if the others were a 
terra incognita* In consequence of this there is a wearisome 
reiteration of the same statements without any comprehensive 
discussion of the region as a whole. This subdivision of a scien- 
tific work along the purely arbitrary lines of county boundaries can 
not be condoned. It throws upon the reader the task, which should 
clearly devolve upon the author, of subdividing the work along 
natural or rational lines and so massing the facts as to aflord the 
broadest possible view of the questions discussed. As if the itera- 
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tion and incoherence unavoidable in the diBcassion of the geology 
by counties were not sufficiently bad, the evil is aggravated by 
the separate discussion of 10 distinct areas in as many chapters, 
each accompanied by a geological map. These areas are scat- 
tered over the region that has just been discussed by counties, 
and their treatment is not more exhaustive than that of the 
counties. The plates are admirable and tell their story well, 
except that geological sections are conspicuously absent ; but 
they should have been used as illustrative material of a general 
discussion of the region, not made the basis of reducing that dis- 
cussion to a series of platitudes. In point of arrangement of its 
subject matter, then, the book is weak. There is no treatment of 
the region by geological provinces such as one might reasonably 
expect to find m a final report on the areal geology of the State. 
The repetition of the same theme in a long array of chapters 
is very wearying to the reader. 

In spite of the bad arrangement of the book, however, and ivt 
spite of the peculiarly antique, even Wernerian, tone of the preface 
to the volume, the work has many valuable contributions to 
geology within its covers. These consist partly of records of 
observations confirmatory of accepted generalizations, often 
tabulated, as in the case of hypsometric and glacial data, partly 
of observations not yet generalized and partly of new generaliza- 
tions presented presumably for scientific criticism. The latter 
naturally make up the smallest but most important part of the 
report, and it is to some of these that we may address ourselves 
most profitably in the present brief review, leaving the data 
which are simply recorded, on the assumption that they have 
been printed for the sake of giving permanence to the record and 
not to invite comment. 

The geology of the Archean as set forth in the report may be 
summarized as follows: The oldest rocks found in the region are 
more or less altered fragmentals and volcanics which are referred 
to the Keewatin. This is divided into two parts, designated as 
Lower and Upper Keewatin, with a well defined unconformity 
separating them. In the Lower Keewatin are incorporated a 
large volume of mica schists and feldspathic mica schists (often 
called gneisses) which the reviewer some years ago segregated from 
the Keewatin and designated the Coutchiching series. In the 
Lower Keewatin also are placed certain greenstones which are 
not regarded as altered volcanics but which (sad confession) are 
" supposed to represent the cooled original crust of the earth.'* 
This chilly proposition is thrown out nonchalantly in the preface 
but was probably frozen out of the body of the book as it is not 
further discussed. The rocks which underlie the Lower Keewatin 
wherever exposed, and the exposures are numerous and extensive, 
are granites or granitoid rocks with or without a gneissic struc- 
ture, such as have been repeatedly mapped and designated aft 
Laurentian. These granites and gneisses are intrusive in the 
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Lower Keewatio, so that the pre-Eeewatin basement is nowhere 
observable, except for the above mentioned suggestions of a quite 
cold original crust of the earth. The base of the Upper Kee- 
watin is marked by a well developed pebble-and-bowlder con- 
glomerate which lies indifferently upon the Lower Keewatin and 
upon some of the granite which is intrusive in it. 

The failure to recognize the Coutchiching as a series of raeta- 
morphic clastic strata of great volume distinct from the Keewatin 
is worthy of note, and arises from the difficulty, the great inhe- 
rent difficulty of Archean Geology, of correlating formations on 
the basis of petrographical characters. The particular phase of 
that difficulty in the present instance is that schists similar to 
those of the Coutchiching, i. e., mica schists and feldspathic mica 
schists (gneisses so called), occur also in the Keewatin and the 
criteria for discriminating between the two have not yet been 
established. The mica schists are regarded simply as a result of 
the more intense metamorphism of the Keewatin. This view is 
advanced without attempt to explain the nature of the metamor- 
phism which would convert the basic eruptives so characteristic of 
the Lower Keewatin into the very acid schists with which we are 
here concerned. The. interesting fact comes out very clearly on 
nearly all the plates mapping the Archean, that there is a body of 
mica schists of very considerable volume intervening quite regu- 
larly between the greenish rocks of the Keewatin and the intru- 
sive granites, just as is the case on Rainy Lake, where they were 
discriminated as a series of metamorphio sediments, which could 
be mapped and discussed as a constituent of the complex distinct 
from the Keewatin. The schists thus intervening between the 
greenstone of the Keewatin and the granite, although embraced 
m the Keewatin, are mapped in a distinct color which has, on 
many of the plates, a large breadth relatively to the greenstones 
and other constituents of the Keewatin. The fact that they are 
thus mapped where only the broadest kind of discrimination is 
attempted bespeaks for the mica schist formation an individuality 
and separateness such as were recognized on Rainy Lake. The 
fact, moreover, that the granite in several of the areas mapped 
comes directly against the greenstones of the Keewatin does not 
harmonize with the view that the mica schists are only more 
intensely altered portions of the Keewatin. It may be asked very 
pertinently, also, of the advocates of the new hypothesis whether 
the normal Keewatin is notably reduced in volume by the conver- 
sion of such a large fraction ot it into mica schist ? 

It is but fair to state that Dr. Grant recognizes the Coutchiching 
as an individual series of the Archean complex though he com- 
plains of the difficulty of discriminating between it and the mica 
schists of the Keewatin. Mr. Winchell on the other hand de- 
clares that " under the term Keewatin are included all the elastics 
of the Archean." It seems to the writer that there is more to be 

fained for Archean geology in the present stage of investigation 
Y discriminating as much as possible under as many names as 
may be needful lor the purpose. It will be time enough to drop 
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out sapcrfluous names and select our comprehensive terms, sach 
as would embrace all the elastics of any part of the Archean, after 
a few move final reports have been written. When the history 
of the Archean has been worked out as fully as may be, the names 
of all the clastic formations comprised in it will be too numerous 
to refer to except by comprehensive designations and groupings, 
but to say that " under the term Keewatin are included all the 
elastics of the Archean " is simply to set up Keewatin as a 
synonym for Archean, which of course is not Mr. Winchell's 
intention. 

Another point of prime importance for Archean geology is the 
segregation of the upper from the lower Keewatin, by the recog- 
nition of the significance of the conglomerate at the base of the 
upper series. The true position of this conglomerate as marking 
an unconformity within the Archean was pointed out by the writer 
several years ago and the work of the Minnesota Survey sustains 
this view. Upper and lower Keewatin certainly both antedate 
the great hiatus which separates the Archean from the Animikie. 
In this two-fold subdivision of the Keewatin we very probably 
have the correlatives of the upper and lower Huronian of Lake 
Huron, especially in the light of Coleman's more recent observa- 
tions. This correlation if well founded would greatly simplify 
the present tangled condition of Lake Superior geology. If 
the upper Keewatin be the correlative of the upper HuroniaD, 
as seems to the writer extremely probable, we must relegate to 
limbo that far-fetched correlation of the Animikie and upper 
Huronian, which has become intrenched, as only error can, in the 
literature of pre-Cambrian geology of the past decade. It is this 
supposed equivalence of the Animikie and upper Huronian which 
has led to the remarkable attempt to pull the Huronian out of the 
Archean and make it a subdivision ol the Algonkian. This idea 
once happily demolished it is to be hoped that the Algonkian will 
fall into its proper ])lace in taxonomy as a designation for an 
assemblage of rocks between the Archean and the Cambrian, and 
that it will no longer like Pharaoh's lean kine attempt to fatten 
itself by devouring the plump and well-favored formations of the 
Archean. 

Upon the worn surface of this Archean complex rests the 
Animikie in little disturbed attitudes, a purely clastic series, near 
the base of which occur the ore bodies of the now famous Mesabi 
iron range, the origin of which has been so ably discussed by 
Spurr in an earlier ])ublication of the Survey. The Animikie 
embraces the following four subdivisions in ascending order: 
L Quartzite formation. 2. Taconite or iron-bearing formation, 
varying in character from hematite to a rock which has been 
identified as an altered greensand. 3. JJlack slate formation. 
4. Graywacke slate formation. The trap sheets so common in 
the Animikie as intercalations in the formations above enurae^ 
ated, which a few years ago were commonly supposed to be con- 
temporaneous lava Hows, are recognized in their true character as 
intrusive sills. The faulting which characterizes the Animikie in 
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the region of the international boundary is recognized only in a 
tentative way. 

Upon the Animikie rests the Keweenawan, and in the discussion 
of this series certain new propositions of interest are advanced. 
It may be said in general that the Keweenawan of Minnesota is 
almost wholly made up of volcanics and the intrusives which 
traverse them with but a small admixture of sedimentary strata. 
The series is thus in strong contrast to the underlying Animikie. 
A formation of conglomerate with sandstone or quartzite has long 
been recognized in the Thunder Bay region as the base of the 
Keweenawan (Nipigon series). The Minnesota Survey finds that 
Duluth gabbro, the "red rock" and certain lavas, e. g., the 
Beaver Bay diabase, all of which have been referred to as 
Keweenawan, seem to antedate the conglomerate (Piickwunge). 
It therefore divides the Keweenawan into two parts, viz : The 
Cabotian which includes all that precedes the conglomerate and 
the Manitou including the conglomerate and later formations. 
In making this discrimination Mr. Winchell is evidently in a 
quandary whether to put his Cabotian in the Animikie or keep it 
in the Keweenawan. He expresses his opinion that the Animikie 
graded gradually into Keweenawan, and that in the Keweenawan 
there was a profound erosion interval represented by the Puck- 
wunge conglomerate. This seems to the writer an indefensible 
position to assume. The logical thing to do is to place anything 
that grades into the Animikie and antedates such an unconformity 
into the Animikie. But it is not at all clear that any such recon- 
struction of the Animikie is necessary. It does not seem, for 
instance, to be at all satisfactorily established that the Duluth 
gabbro antedates the conglomerate. No pebbles of the gabbro 
have apparently been found in the conglomerate. The fact that 
the gabbro is mferior in position to the conglomerate is of no 
weight, since the gabbro is admittedly intrusive. The " red 
rock" pebbles are not necessarily derived from gabbro contacts. 
Mr. Winchell assumes that the Logan sills and dikes in the 
Animikie are offshoots from the gabbro intrusion, but this is shown 
to be improbable on petrographic grounds by Dr. Grant; and 
some of tnese sills and dikes have " red rock " contacts. The 
Duluth gabbro cannot be earlier than the Puckwunge conglom- 
erate and at the same time the equivalent of the Logan sills; for 
the latter are intrusive in abundance not only in the Animikie but 
also in Keweenawan (Nipigon) strata overlying the conglomerate in 
the Thunder Bay district. It seems, moreover, that another incon- 
sistency lies in the fact that the conglomerate is stratigraphically 
beneath the Beaver Bay diabase as mapped on the Cook County 
Plate, while the diabase is throughout the report regarded as the 
surface equivalent of the gabbro. Is it not entirely possible, for 
anything that Mr. Winchell knows to the contrary, that the 
Duluth gabbro was intrusive in late Keweenawan time and that 
some of the "red rock" of Cook County is due to the contact 
action of the gabbro against the Puckwunge sandstone ? It is 
certainly remarkable, in view of Mr. Winchell's contention, that 
neither the geological mapping of Cook County nor the more 
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detailed Pigeon Point Plate shows any formations intervening 
between the Puckwunge conglomerate or sandstone and the 
Animikie ; and the map is according to the writer's experience a 
correct expression of the relationship which prevails in the 
Thunder Bay district. 

The relation of the Carltonian Anorthosites to the Dulath 
gabbro is not freely discussed in the report, but it seems to be 
assumed that they are the same formation. This again is incon- 
sistent with the view that the Beaver Bay diabase is the snrfaoe 
equivalent of the gabbro, for the writer has shown that both at 
Beaver Bay and at Carlton Peak, the rocks now mapped as 
Beaver Bay diabase repose upon the worn surface of the anortho- 
site. It is futile to claim that the extensive areas of anorthosite 
seen under the lavas at Beaver Bay are inclusions in the lava, and 
the claim is reduced to an absurdity when the mountain mass of 
anorthosite at Carlton Peak is considered. The anorthosite is 
petrographically distinct from the gabbro ; it shows none of the 
contact phenomena of the gabbro ; it presents an uneven eroded 
surface upon which the Beaver Bay diabase^ the oldest of the 
Keweenawan lavas, rests; the Beaver Bay diabase contains nume^ 
ous included blocks of anorthosite which were evidently picked 
up by the lava as it flowed over the surface of the bare anortho- 
site, or which were detached from the walls of the vent from 
which the lava came to the surface ; the resurrected surface of 
the anorthosite exposed by the removal of the lavas has the same 
hummocky uneven character as that which characterizes the pre- 
Animikie surface of the Archaean generally in the Lake Superior 
region ; the anorthosite has a well-known equivalent in the Norian 
of Canada. These considerations render very questionable the 
correlation of the Carltonian anorthosite with the Dulath gabbro, 
and support the view that it is a distinct pre-Keweenawan forma- 
tion. 

The chapters on the counties in whicb the phenomena of the 
Pleistocene preponderate, written by Todd and Upham, and the 
incidental references to the same phenomena by Grant and Win- 
chell, are important contributions to the subject, but here, again 
a coherent general discussion of these features, such as might be 
expected in a final report, would have greatly enhanced thevaloe 
of the volume. The occasional summary statements by Todd and 
Grant are to be commended as efforts in this direction. The 
characters of the drift and its modifications, its special features 
such as kamcsand pitted plains, the distribution of moraines, these 
are all described in more or less detail ; and the survey has placed 
students of the Pleistocene under obligations for its painstaking 
efforts to secure local information on thes^ matters. The limits 
and shore features of Lake Agassiz are discussed especially by 
Todd and Grant, the shore features of Lake Warren by Grant, 
and the early outlet of Lake Superior as well as certain minor 
post-Glacial lakes by Upham. In most of the chapters there is a 
statement of the local features of economic interest; and the final 
chapter by H. V. Winchell on the iron industry is a valuable 
contribution to our knowledge ol t\\e ^x^?A, \tou reaources of the 

state. MiVT>^lK^ ^. \*IC^^Q"^, 
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2. A JRevision of the Oenera and Species of Canadian PalcBO- 
soic Corals^ the Madreporaria Perforata and the Alcyonaria; 
by Lawbbncb M. Lambb, pp. 1-96, plates i-v, 1899. (Contribu- 
tions to Canadian Palseontology, Volume IV, Part I.) — This report 
is particularly interesting as adding to our knowledge of the 
Paleozoic corals some details as to their geological range and the 
characteristics marking their relation to time. The author notes 
that the genus Favosites, when occurring in the Cambro-Silurian 
or Silurian, has spiniform septa whilst those of the Devonian 
have squamulse. This is a confirmation of Rominger's* observa- 
tion. J^. Oothlandica is observed to occur at numerous localities 
in the Niagara, Guelph and Lower Helderberg formations, in 
divisions 2, 3 and 4 of the Anticosti Group and in rocks of sup- 
posed Hudson River age. "The only difference between F. 
Helderbergim and F, Niagarensis appears to be in the shape of 
the corallum which in the former species * is large, lenticular, 
depressed, convex or hemispherical,' and in the latter spherical or 
clavate, a difference which, though slight, may be considered suffi- 
cient, if it be constant, for the separation of the two species.^' In 
discussing the genus Calapoecia, the writer has been forced to 
regard (J. Canadensis^ C. Huron ensis and C Anticostiensis as 
belonging to the same species. Syringopora bifurcata Lonsdale, 
is reported from both the Niagara and Lower Helderberg 
formations. In the discussion of the genus Halysites, Mr. Lambe 
remarks that "Particular stress has been laid on the pres- 
ence or absence of septal spines by Dr. Nicholson. In his * Palae- 
ozoic Tabulate corals,' p. 229, it is stated that * the form known 
as H escharoides Lam., is distinguished from the typical H, 
catenularia Linn., not only by the superficial characters just men- 
tioned, but also by the constant possession of spiniform septa, and 
the apparently constant absence of small tubes between the large 
ones.' This is not borne out, however, by Canadian specimens. 
An example from the Niagara limestone of Ontario has tubules 
between the corallites admirably shown as well as rows of septal 
spines ; other examples with tubules and septal spines have been 
collected at Lake Temiscaming (Niagara), at Cross Lake Rapids 
on the Saskatchewan River and at Cedar Lake (Niagara) and 
from the Lower Helderberg rocks of I'Anse-au-Gascon, I'Anse b. 
la Barbe, etc., Baie des Chaleuiu When the tubules are present 
-and the septal spines are not seen, it is possible that the latter, 
on account of their small size, have not been preserved or are not 
sufficiently distinct to be recognized. The gradation of one form 
of H. catenularia into another would lead to the belief that it 
consists of one typical form with several stratigraphical varieties ; 
the typical form not being the oldest." 

From a comparative study of the Canadian specimens, he con- 
cludes, *' that H, catenularia and its varieties range from the 
Black River limestone at the base of the Trenton formation up 
to the rocks of the Lower Helderberg Group ; and that the Black 

♦Geological Survey of Michigan, Fossil Corals, p. 19, 1876. 
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River limeBtone in eastern Canada, the Galena-Trenton of the 
Lake Winnipeg region, etc., in the west, the Hudson River, 
Niagara, Guelph and Lower Helderberg formations have their 
distinctive varieties." 

Three varieties of H, catemdaria from the Lower Helderberg 
are described and figured under the names of var. simplex^ var. 
amplitubulata, and var. nitida. An analytical table of the 
species and varieties, and their characters in relation to range, is 
also given. The genus Heliolites also ranges from the Niagara 
into the Lower Helderberg. Plasmopora also appears in both 
formations. Lyellia affinia occurs in the Hudson River and 
Niagara formations, in the four divisions of the Anticosti group, 
and in the Lower Helderberg. w. 

3. Geological Snroeg of Canada. — The Annual Report (new 
series, Vol. X, reports A, H, I, J, M, S, 1897) has recently been 
issued in book-form, 1899, comprising 1046 pages, accompanied 
by 8 maps and 12 plates; separate reports of which have already 
been noticed. The following maps accompany the volume : 

560. Thunder Bay and Rainy River Districts, Ontario — Seine 
Sheet. 

589. Thunder Bay District, Ontario — Lake Shebandowan Sheet, 

599. Nipissing District, Ontario, and Pontiac Co., Quebec- 
Lake Temiscaming Sheet. 

606. Nipissing District, Ontario, and Pontiac Co., Quebec — Lake 
Nipissing Sheet. w. 

4. The Geological Society of America: Cordilleran Section,-- 
The first annual meeting of a Cordilleran section of the Geological 
Society of America was held in San Francisco, Cal., Dec. 29 and 30, 
1899. The section is composed of fellows of the Society too far 
distant from the places of ordinary meeting of the Society to 
attend its sessions. The following is a list of papers accepted for 
reading at the meeting : 

F. W. Cragin : The discovery of a goat antelope in the cave fauna of Pike's 
Peak Region. 

J. C. Mkrriam: On the occurrence of a ground sloth in the Quaternary of 
Califoniia ; On the classification of the John I)av beds. 

James E. Talmaur: Notes concoruiug erosion forms and exposures in the 
deserts of Souih Central Utah. 

Horace B. Patton : Thomsonitc and other zeolites from Golden, Colorado. 

H. W. Fairbanks: The Peneplain question upon the Pacific Coast. 

W. S. Tangier i^MiTu: A topographic study of the Islands of Southern Call* 
fornia. 

Joseph Le Conte: An early jreological excursion. 

J. C. Branner : The sandstone reefs of Brazil. 

E. W. IIii.gakd: The geological significance of soil study. 

K. W. Claypole: The Devonian fishes of North America. 

Andrew C. Lawson: The Berkeley Hills — A dettiil of Coast Range geology. 

w. 

5. Key to the Upper J)evotiian of Southern Nexo York; by 
Gilbert D. Harris, Cornell University, Ithaca, N. Y. Co-operative 
Society. Price 28 and 35 cents, post paid. — The " Key to the 



Geology and Natural History. 157 

Upper Devonian '' famishes a means by which high schools and 
academies can give their students field work in Geology. After 
a brief introduction on the kinds and occurrence of rocks and 
definitions of a few important geological terms, a list of a large 
number of localities is given with the kind of rock, location of 
outcrop, and some of the important fossils of each. The pam- 
phlet closes with 120 good figures of characteristic Upper Devo- 
nian fossils. This book of thirty-five pages is admirably qualified 
to make this subject, which is often considered difiicult and un- 
interesting, really enjoyable, and will bring out the powers of 
observation of the student. Its convenient size, advice on field 
work, and especially the excellent illustrations of fossils make it 
a very valuable supplement to the elementary text-books for 
students in Geology, both in the secondary schools and in col- 
leges. II. L. c. 

6. Principles and Conditions of the Movements of Ground 
Water ; by Franklin H. King. With a theoretical investiga- 
tion of the Motion of Ground Waters, by Charles H. Slighter. 
Nineteenth Annual Report, U. S. Geological Survey, pp. 59-384. — 
The water which falls upon the land is evaporated from the 
place where it falls, or drains off through natural channels or 
sinks into the ground. The laws and effects of the first two 
movements are quite well understood, but little is known of the 
career of the considerable portion of water which enters the 
soil directly and which has such an important infiuence in geo- 
logical processes and on the industries and domestic life of civil- 
ized and uncivilized peoples. The paper of Prof. King is an 
important contribution to this little known subject, and gives the 
resalts of well-planned experiments and careful observations. 
Chapter I deals with the amount of water stored in the ground 
and discusses in detail the character and extent of the gravita- 
tional, thermal, and capillary movements of the waters. Chap- 
ter II is devoted to the explanation and discussion of experi- 
mental investigations regarding the fiow of fluids through vari- 
ous porous media. In Chapter III the author discusses the rate 
of flow of water though sands and rocks of different character 
and degrees of porosity, and calls attention to the influence of 
this factor on wells. With Prof. King's paper is one on the 
Theoretical Investigation of the Motion or Ground Water, by 
Prof. Slichter, in which are given the physical and mathemati- 
cal data for the discussion of the whole subject. h. e. g. 

v. Geologic Atlas of the CFnited States — Absaroka FoliOy 
Wyoming. (Crandall and Ishawood Quadrangles) ; Geology, by 
Arnold Hague, assisted by J. P. Iddings and T. A. Jaggar, Jr. 
Triangulation and Topography, by Frank Tweedy, Washing- 
ton, 1899. — The area covered by these sheets is that east of and 
immediately adjoining that of the Yellowstone Park and thus 
continues in this direction into the Absaroka Range, the work 
published in the Yellowstone Park Folio. The six full pages of 
text (equal to about 70 pp. in ordinary 8°), give an admirably 
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summarized account of geology, while in addition to the topo- 
graphic and geologic sheets there is one of columnar sectioDS 
and one of illustrations. 

The sedimentaries described range upward from the Archean, 
but they appear only in small amount on the map to the east and 
north, the greater part of the area being covered with volcanic 
ejections, breccias and flows cut in places by great numbers of 
dikes and pierced by intrusive masses. They range from rhyolites 
through andesites to basalts, the andesites of various types being 
especially prominent. These outbreaks took place over an already 
eroded country in Eocene and Neocene time. The erosion since 
then of these great masses of rather easily degraded material 
has resulted in most interesting and peculiar types of topography. 

L. V. p. 

8. Preliminary Notice of the Etcheminian Fauna of Cape 
Breton ; by G. F. Matthew, LL.D., St. John, N. B., Canada. 
Nat. Hist. Soc. N. Bruns*k. I3ull. xviii, vol. iv, pp. 19b. — This 
paper gives an account of the fossils found in Cape Breton, Nova 
Scotia, in a set of beds forming the lowest Paleozoic terrane in 
that province. The forms described are all either braohiopod or 
ostracod, and while the genera correspond to those of the Proto- 
lenus Fauna (Cambrian) in New Brunswick, the species are all 
different. 

The forms described belong to the brachiopoda and ostracoda 
Of the former new species are described belonging to the genera 
Lingulella, Leptobolus, Obolus, Acrothele and Aorotreta; the 
Obolus is said to belong to a new sub-genus (Protobolus) charac- 
terized by the approximation of the vascular trunks in the ventral 
valve. 

The Ostracoda are all small and are referred to two genera, 
Bradoria (new) and Schmidtella. 

The article is accompanied by four plates of figures and two 
sections to show the relation of the Etcheminian terrane to the 
formations above and below. 

9. Recent Foraminifera, A Descriptive Catalogue of Speci- 
mens dredged by the U. S. Fish Commission steamer Albatross; 
by James M. Flint, M.D., U. S. N., Honorary Curator, Division 
of Medicine, U. S. National Museum. (From the Report of the 
U. S. National Museum for 1897, pp. 248-349, with eighty plates. 
Washington, 1899.) — The purpose of this catalogue, as stated in 
the prefiace, is to record the additions to our knowledge of the 
Foraminifera obtained by the deep-sea dredgings of the Albatross. 
In order to show its place in the literature of the subject it ma^ 
be well to compare it with Brady's classic report on the Forami- 
nifera collected by the Challenger expedition. 

The latter consists of 814 pages and 145 plates, comprising an 
introduction discussing the chief problems presentea by this 
group of Protozoa, followed by a bibliography, a new classifica- 
tion, and the detailed descriptions of genera and species. At the 
close of the Challenger report are tables showing the distribution 
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of certaiD Bpeoies, in area, in depth, and over diverse bottoms. 
Finally, there are maps giving the location of the two hundred 
and eight stations which famished material for the examination. 

The majority of Foraminifcra are of such world-wide distribu- 
tion that, although the soundings are few compared to the vast 
area of the oceanic basins, large portions of which are still en- 
tirely unexplored, new expeditions will not greatly increase the 
number of species, but will rather give more precisely their areal 
limits and dependence upon environment. It is in these respects 
that the Albatross report has its chief value, yet it embraces 
many features which make it the most important contribution to 
the subject since the Challenger report of 1884. The latter 
included the results of one hundred and forty stations observed 
by the Challenger naturalists, twenty-four of these being in the 
north Atlantic, with sixty-eight recorded by other expeditions 
from points surrounding the British isles, and in the Arctic ocean. 
The present report, on the contrary, includes observations from 
ninety-two stations, of which fifty-eight are from the north 
Atlantic, twenty-one from the Gulf of Mexico, and seven from 
the Caribbean sea. Into the last two areas the Challenger ex- 
pedition did not eo. 

The title of Fhnt's memoir hardly indicates its value, as the 
report is really a volume supplemental to that by Brady. It con- 
sists of a short preface and introduction, and an analytical key to 
the families and genera of the Foraminifera, which to the student 
having only a slight knowledge of this subject should be of con- 
siderable assistance. Detailed descriptions of the families, genera, 
and species are then given and these are followed by the plates. 
The last are worthy of especial mention, being reproductions 
from photographs of two hundred and ninety-nine species belong- 
ing to seventy-two genera, the original specimens of which are 
on exhibition in the National Museum. 

These photographs are to a uniform enlargement of fifteen 
diameters, a plan which should aid in the ready determination of 
species, since the size as well as the form is evident at a glance. 
Besides being clear and sharp, the reproductions are characterized 
by a striking relief and truthfulness. Brady's classification is 
adopted bodily and the species are arranged on the plates so as to 
best bring out their relationships. 

Among the Foraminifera the transition of forms is so nearly 
complete that any classification into orders is bound to separate 
genera which are closely related. This, however, is a difliculty to 
be anticipated in every branch of natural history as the extinct 
progenitors become better known. In such cases the best ultimate 
solution may be to establish several basal or primitive orders, 
with the understanding that their boundaries are not the well- 
defined limits shown by the separated groups of later and better 
differentiated descendants. But it is not likely that a classifica- 
tion of the Foraminifera better than Brady's will soon be made. 

The present catalogue no doubt could have been made more 
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valaable and complete had the author collected the scattered and 
missing facts regarding the environments, into tables similar to 
those given at the end of the Challenger report, thas showing the 
abundance and distribution of the species, their relation to the 
character of bottom, temperature of water, and vicinity to land. 
A map would also have been useful as indicating at a glance the 
location of the stations. However, the author is to be congratu- 
lated on having produced a hand-book complete in itself, vet 
supplementary to the work already published. It deals with 
nearly half the number of stations and the results are given on 
more than half as many plates as the Challenger report which it 
supplements. 

For the working student it will serve as the best hand-book on 
the Foraminifera. yet its value is liable to be overlooked by the 
casual reader. j. b. 

10. Guida al Corso de Mhieralogia di Antonio D'Achiardi, 
Professore nell' Univeaitti di Pisa. Mineralogia generale, 8vo, 
pp. 1-339. Pisa, 1900 (Enrico Spojrri). — The author of this work 
IS well known for his many contributions to Italian mineralogy, 
and for his two excellent works, one on metallic minerals and their 
deposits and the other on lithology. He has here given an 
excellent presentation of the general subject of mineralogy, 
including first, the morphology of crystals with a discussion of 
the systems of crystallization presented according to modern 
methods ; also the physical characters, and the chemical characters 
of minerals. The physical characters are presented with especial 
completeness and system. 

Obituary. 

TnoMAS Egleston, for many years Professor of Mineralogy 
and Metallurgy in the School of Mines of Columbia University, 
New York City, died on January I5th, at the age of sixty-seven 
years. Professor Egleston was born in New York City, Decem- 
ber 9th, 1832, and was graduated at Yale College in 1854; later 
studies were carried on abroad, especially at the Ecole des Mines 
in Paris. In 1864, largely through his eflPorts, the Columbia 
School of Mines was founded under at first very discouraging 
conditions. This work, which has later been followed by the 
development of a flourishing and highly useful institution of 
learning, may well be considered the most important achievement 
of his life. For more than thirty years, until his retirement in 
July 1, 1897, he held the Chair of Mineralogy and Metallurgy and 
was always active in promoting the progress of the School. He was 
also largely interested in the founding of the American Institute 
of Mining Engineers and its Transactions contain a number of 
papers by him; he also published articles in other periodicals; 
among larger publications may be mentioned his Catalogue of 
Minerals and Synonyms alphabetically arranged (Washington, 
1889 and New York, 1891). 
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Art. XV. — Hot Water and Soft Glass in Their Thermo- 
dynamic Melations ; by C. Bar us.* 

1. It is my purpose in tlie present address to discuss the 
solvent action of hot water on ordinary glass, or indeed on any 
silicate. That these reactions occur abundantly in nature is 
well known ; in the laboratory, however, they are as a rule, 
difficult to produce in such a way as to give an insight into the 
quantitative relations involved. About ten years ago, I made 
6ome curious experiments which seemed to give promise in 
this direction. I have recently repeated and extended them, 
carrying out the suggestions mdicated on a larger scale and 
with entire success. I, therefore, take pleasure in communi- 
cating the results obtained, interpreted as a whole and from a 
somewhat broader point of view tlian was originally permitted. 

Among natural silicates and in a scale of increasing acidity, 
we are apt to find the acid rocks less fusible than the basic 
rocks, and the aqueous fusion may be presumed to bear a defi- 
nite relation to the igneous fusion. Thus, for instance, an 
obsidian which Prof. Iddings and 1 examined, fused aqueously 
at about 1250°, whereas the pnraice resulting did not fully fuse 
until about 1650° was reached. Similarly an aqueous basic 
silicate, fusing at incipient redness, showed complete igneous 
fusion at about 1200°. The effect of composition will neces- 
sarily have to be deferred until the scope of experiments like 
the present has been worked out, but in a laboratory attack of 
the subject one is more apt to reach results with the fusible 

♦ A lecture deUvered before the Physical Society of the University of G5t- 
tlngen. 

Am. Jour. Soi. — Fourth Series, Vol. IX, No. 61.— March, 1900. 
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soft glasses than with infusible hard glasses. In all cases, 
of course, the glass must be quite insoluble in water under 
ordinary conditions of temperature. In the present experi- 
ments 1 worked with the common glass containmg lead, of the 
kind from which glass rods and thick tubes are usually made, 
and I was further induced to select it in order that the experi- 
ments on a larger scale might be made with the identical glass 
of my capillary tubes. Jn this way the results of the quantita- 
tive experiments on a smaller scale in glass tubes could be at 
once coordinated with the experiments in steel retorts. 

2. In view of its amorphous structure and thermal proper- 
ties, one is apt to look upon glass as colloidal, and it is expe- 
dient to examine at the outset in how far such a classification 
is tenable. Glass as a colloid must conform to the general 
relations of colloids and their solvents, and one must be able 
to predict certain peculiarities in the behavior of glass toward 
water. Colloids (1) at favorable temperatures swell up enor- 
mously in the presence of their solvents ; (2) at higher tempera- 
tures the swollen coagulum goes over into clear and apparently 
thorough solution. In other wordt^, the coagulum melts in its 
menstruum, mixes with it completely at a temperature which is 
probably characteristic for the colloid and, so far as known, 
remarkably independent of the solvent chosen. 

It is essential, however, to have the solvent in the liquid 
state. These conditions are at once fulfilled for the case of 
starchy of gelatine and of pure rubber, seeing that in these 
instances the dissolving point of the colloid lies below the 
boiling point of the solvent. Yoy vulcanized rubber this is, as 
a rule, not the case; the usual solvents, like carbon disulphide, 
ether, parafKne oils, chloroform, etc., boil away before the dis- 
solving point (about 180°) of the colloid is reached. If, how- 
ever, these volatile Huids be kept liquid under pressure up to 
185°, vulcanized rubber [)asses into clear solution as easily as 
starch. Still other colloids, like wood, decompose, i. e., undergo 
destructive distillation even when submerged in the solvent 
(water) under pressure, below the dissolving point. 

I shall show that ordinary glass fulfills the above conditions 
perfectly ; but before doing so a brief description of the experi- 
ments with retorts is advisable. 

3. If water be selected as a suitable colloidal solvent of 
glass, the dissolving point will certainly lie above the boiling 
point of the liquid. Ilencc it is necessary to make use of high 
pressure retorts; and I shall take the liberty of describing a 
simple and efhcient form which has served me not only in the 
present but in many similar experiments. 

In the figure (1) AB is a piece of seamless drawn steel tnb- 
iug obtained from John S. Leng, New York, about 46*^ long 
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and 2*5'** in diameter, with walls '6^ thick. The interior is 
threaded (12 to inch) at the ends, and screw plugs are provided 
fitting the threads snugly (CD). 

In order to secure a gas-tight joint for temperatures below 
150*^, each of the plugs is covered with a thin layer of solder 
in the usual way, by dipping it first in soldering salts, and then 
in melted solder. For temperatures below 250®, a layer of 
lead is applied in the same way. For temperatures above this 
a layer of zinc, and at red heat a layer of copper answers less 
satisfactorily. The copper coating is put on by dipping the 
hot plug in borax and then in a crucible of melted copper. 

1 
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Unfortunately the copper is hardened by this process and I 
have only been able to use the screw for small diameters. 
Solder adheres most perfectly and less stress is needed in forc- 
ing the screw plug home. Lead, in spite of its greater softness, 
offers much more viscous resistance during this operation ; a 
noteworthy result. Tubes continually used in this way are at 
length liable to split longitudinally, but after several hundred 
experiments per tube I have only had one accident of this 
kind. The thread is apt to suffer serious wear and tear before 
the tube gives out. The joint obtained as above is apparently 
quite gas-tight, and I have frequently heated carbon disulphide 
above 200° for hours, without appreciable loss. Nor is it nec- 
essary to use all the threads at once ; a fresh insertion of 
two complete threads usually suflices, so that the screw bolt 
lasts throughout several experiments before requiring to be 
recovered. Pressures above 1000 atm. were applied without 
leakage. 

To heat the tube to a given constant temperature, vapor 
baths of the form fig. 2 are available. This consists or a 
cylinder jKTj 10"° in diameter, 70*^"" long, closed at the ends, 
except for the axially perforating eccentric cylinder GO, The 
latter is large enough to receive the retort AJU, snugly, and 
asbestos plugs, IIU, guard asaiust loss of heat at the ends. 
The vapor bath is made of slieet iron brazed together. The 
liquid to be boiled, k, is charged into the bottom of the outer 
cylinder, and vapors escape by a lateral vent of gas pipe 
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(J inch), Z. By surrounding tliis at about two feet from the 
boiler with a narrow cyh'nder containing water, J/, the vapors 
are usually condensed and flow back without giving annoyance. 
In the present experiments, the liquid, A:, was naphthaline 
boiling at 2lO° and the vapor bath needed no special attention 
for months. If the bath is well enveloped with asbestofl, 
except at the two patches on the bottom where the flames of 
two ordinary Bunsen burners, P, Q^ impinge against free 




metal, these are quite suflicient to maintain continuous ebulli- 
tion at 210° for an indefinite time. It is well to keep M 
supplied with water by aid of some automatic dropping 
arrangement. 

4. The charge of laboratory glass specified, being the broken 
capillary tubes of earlier correlative experiments, pulverized 
and sifted to a fine granular powder, was introduced into the 
retort with water. About 210 grams of glass and 50 grams of 
water was known to be a promising ratio. The retort was 
then put into the vapor bath and kept at 210° for about 12 
hours. 

On opening the cold retort the glass was found to be quite 
fused down to a resinous, opalescent, very hard and tough 
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body, containing white inclusions of partially converted water 
glass, but otherwise homogeneous. About 240 grams were 
removed from the retort, to which the glass adhered so firmly 
that a cold chisel and hammer were necessary for the process. 
Looking through the retort endwise, it was seen to be about 
one-half filled and the top surface of the glass smooth, as 
shown in fig. 2a. No excess of water was apparent, all having 
been absorbed. Surfaces of the glass broken from the retort 
were black with iron oxide. 

Heated in the air above a candle flame the glass melts, swells 
up enormously with loss of water to a silvery white pithlike 
pumice. The experiment recalls the behavior of a pharaoh 
serpent, but is not quite so striking. On igneous fusion at red 
heat, the usual black lead glass is again obtained. As to hard- 
ness, water glass is not much inferior to the original igneous 
glass. When clear it has a different refractive index and a dif- 
ferent density. 

After exposure to the air water glass gradually disintegrates. 
Even after a few weeks cracks permeate the mass, and the 
originally solid tough block may easily be broken across. I 
have supposed that the combination of water and glass, stable 
under pressure at 210°, is unstable at ordinary temperatures, 
and that water set free under probably immense pressures is 
the cause of this phenomenon. Inasmuch as the fragments 
retain their property of swelling on fusion unimpaired, it is 
much more probable that the real cause of breakage is the 
gradual reaction of internal stress. 

Not all kinds of glass succumb to the present treatment at 
210°. The more infusible glasses are much less easily soluble. 
Many experiments of the present kind made with hard glass 
showed absolutely no cohesion or fusion when examined in the 
cold, even after 18 hours of exposure. Hence a higher tem- 
perature than 200° will here be needed, and the case is emphat- 
ically true for quartz. Coordinating the present experiments, 
in which a phenomenally low dissolving temperature is evi- 
denced, with the results obtained from natural silicates, it is 
clear that every glass at a sufficiently high temperature must 
eventually show complete solubility in water. 

Having obtained the water glass in the above form, I next 
endeavored, with the addition of more water, to obtain the 
glass in the liquid state at ordinary temperatures ; but these 
experiments signally failed. About 180 grams of the given 
water glass were triturated, mixed with 50 grams of water, 
charged in the retort and heated for 14 hours to 210°. On 
opening about 10*^** ^ of viscous soapy black water were taken 
out, floating above a black scum of glass. The substance when 
dry was friable and had lost the property of fusing with swell- 
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inc. Black stalactites, however, were seen in tlie tube and the 
ei%eB werceverjwhere rounded, indicating fusion. The resnU 
of the experiment was a thorongh dissociation of the charge, 
giving impure water and an insoluble residue of silicate. This 
mass was again pulverized, charged into the retort and heated 
for five hours. On opening 
8 the cold retort about 100** " 

of black soapy water were 
removed ; the glaee remained 
black and non-coliereot. Ex- 
cess of water does not, there- 
fore, favor the present reac- 
tions. 

5. Withthesedefiniteresulte 
in hand, we may next en- 
deavor to inquire into the 
quantitative nature of the pres- 
ent phenomena. Having this 
end in view I returned to the 
experiments described in this 
Journal (vol. xli, 1891) some 
years ago with the new results 
incorporated in . the present 
summary. To make the ac- 
count intelligible it will be 
expedient to give a sketch of 
the apparatus used, t)ie essen- 
tials of which are shown id 
fig. 8. Here ah is the capil- 
lary tube, to be cemented 
heiow info the steel flange for 
ineertion in tho corapression 
pump. The capillary tnbe 
contains a thread of water SS 
(luiiis of sight of an extemil 
cathetoineter), between visible 
threads of mercury 7n,M, of 
which the npper one is sealed 
in position by a termioal 
thread p, of solid paraffine, 
kept cold by the jacket of cir 
culating water, G. The lower 
mercury thread, M, transmits 
the pressure of tlie force pump to the water, which is tbas 
made to react on the inner wall of the capillary tube at a defi- 
nite pressure and temperature. The latter is secnred bj « 
boiling tube EJi, of clear glass, of the kind frequently descrilied 
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in ray work, consisting of two concentric glass tubes, E^ «, 
joined at the ends, the inner snugly enveloping the capillary 
tube ah. Tubulure T holds a thermometer. Tubulure D 
leads to the condenser, which for a charge of naphthaline at k 
(heated by the ringburner li and screen Z) is merely a long 
tube. Cooling in air is suflScient and the operation continuous. 
In experiments like the present it is convenient to join the con- 
oentric tubes E and e above, by a gas pipe cap/*, cemented to 
the glass with plaster of Paris g. Asbestos jackets envelop 
the tube E except at the longitudinal fissures cut into them 
for observation. After the liquid k boils, the temperature of 
the column of vapor between the plane of ebullition and of 
condensation, both distinctly apparent, is constant. It is thus 
merely necessary to chase the latter into the condenser to 
obtain constancy along SS\ 

With well annealed capillary tubes, -02^ to '05*^ in diameter 
internally, and '6^ in diameter externally, pressures from 400 
to 600 atms. are admissible. With diameters increased by 
water solution from '04: to -OT*^""" (often three times), the pres- 
sure limits are reduced ; less, however, by change of diameter 
than by the continued stress to which the tube has been sub- 
jected. 

The phenomena to be observed during the action of hot 
water on glass may be described as follows : During heating 
the thread of water expands thermally, but the expansion is 
partial ; before the constant temperature 210° is reached the 
thread has begun to contract in marked degree in consequence 
of the corrosion. The full thread length for 210° is not 
reached. 

The reaction itself will appear differently according as it 
takes place slightly below or slightly above the solution tem- 
perature. At 185° the water glass obtained is rather a coagu- 
lura. The solid swells enormously under the absorption of 
water, like any other colloid. It is apt to remain white and 
turbid, so that the progress of the mercury meniscus is seen 
with difficulty through the serai-translucent thread. The 
water glass remains elastic, i. e., it contracts and expands under 
the influence of pressure. Compressibility slowly but regu- 
larly increases. Contraction of the combined volume of glass 
and water progresses at an accelerated rate. If awer long 
reaction (1 hour), the cold capillary be broken across and exam- 
ined under the microscope, the capillary canal is found to be 
nearly full of an agatelike warty solid accretion. This is 
water glass in the swollen coagulated state. ' 

At 210°, however, the solution temperature is exceeded. 
The preceding phenomenon of swelling passes rapidly into the 
present phenomenon of solution. The water glass gradually 
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becomes clear, the mercury meniscus glistens brilliantly, the 
thread breaks into shining globules. The white coagnlum 
clarities from the periphery inward toward the axis of the tube, 
where it gradually vanishes. Compressibility at first increas- 
ing with great rapidity to an enormous value, falls off, as it 
were, suddenly to the relatively low value attributable to hot 
water. While the reaction proceeds the solution is inelastic, 
i. e., the liquid fails to expand on removal of pressure. Vol- 
ume decrement is at first extremely rapid, finally to vanish 
asymptotically in the lapse of time. The tube seen through 
the telescope shows an internal current continually flowing 
from the bottom to the top, and this current persists until the 
reaction terminates in clearness of tube and saturated water 
glass. The effect of pressure here is thus virtually an accele- 
ration of the velocity of the current, and hence compressibility 
may be rated at any large value whatever, since the additional 
velocity imparted by pressure is now dependent on the vis- 
cosity of the flowing liquid. For this reason, moreover, 
removal of pressure produces breakage of thread and cavities 
in the viscous silicate, which in their turn swim along in the 
upgoing current. Cavities and mercury globules retain their 
relative positions to each other during the motion, though the 
former may often be brought to vanish by excess of pressure. 
I have inferred from this that the column of water glass, now 
two to three times the original diameter of the capillary thread 
of water, moves as a whole and not telescopically at a decreas- 
ing rate from the axis outward : the latter case would imply a 
deformation of the mercury globules which has not been 
observed. The mercury threads approximately retain their 
original diameter. 

t. To obtain a clear view of the progress of the reactions 
here in question, the annexed chart of a typical case may be 
consulted, in which volumes (thread lengths in cms.) and com- 
pressibilities are laid off vertically, and the corresponding time 
of exposure dated from the beginning of heating, horizontally. 
It will be seen that 20 minutes after beginning the boiling (less 
than 10 minutes of exposure to 210°) the hot thread has con- 
tracted to the length of the original cold thread, and that con- 
traction proceeds enormously beyond this. The total volume 
contraction of the system water and glass, as taken from the 
chart, would be over 30 per cent of the cold length. The 
observed changes of compressibility would be from about 
100/10* per atm., for nearly pure water, to something like 
600/10* for dissolving water glass. The diameter of the capil- 
lary increased from •024*^"' (water), to -071*^™ (water glass), 
upwards three times. These data were found from measure- 
ments made on sections of the cold tubes. Cf. fig. 5. 
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How differently a thread of paraflSne behaves in a like tube 
at 20° and under the same conditions, is seen in the attached 
curve of the chart. Volume is here a slightly increasing 
quantity in the lapse of time, a result doubtless due to 
gradually increasing temperature of the vapor bath. The two 
phenomena are totally dissimilar. So also as I showed else- 
where, the errors of measurement introduced by the elasticity 
and the viscosity of the glass tube are of insignificant values as 
compared with the enormous compressibilities of the present 
investigation. 

To what degree the compressibilities are real may be tested 
during the slower of the above reactions, at 185°, when the 
liquid is elastic. The compressibilities per atm. in millionths 
of the normal volume at the outset of the experiment were 

20 to 100 atm. 100 to 200 atm. 200 to 300 atm. 300 to 400 atm. 



14(3 144 142 146 

and 15 minutes later . 

188 176 201 189 

the observations being throughout reliable. 

At 210® the rate of reaction is far too rapid to yield results 
of anything like this degree of precision. A conception of the 
remarkably large results obtained may be secured by recalling 
that water and glass with compressibilities of about 100/10* 
and 3/10* at 210°, during the process of reaction show values 
which can only bo compared with so mobile a body as liquid 
ether, between 100 and 200 atm. Compressing ether to keep 
it liquid the approximate data for compressibility are 

29*> 65° 100° ISo"" 

156 207 305 741 

millionths per atm., of which the two last values only are large 
enough to compare with the data for water glass. Yet the 
latter solidifies at ordinary temperatures to a hard solid, quite 
glassy in character. 

8. The clear coagulum obtained after the reaction has sub- 
sided is again elastic, but its compressibility of minimum value 
probably less than that of water at 210°. Compression is 
accompanied with evidences of rigidity and the density of the 
system is a maximum. Currents have ceased. On cooling, 
bubbles appear in the clear column of water glass, originating 
at points in the axis, and growing thence centrifngally outward. 
The volumes in which the mercury globules were snugly 
imbedded at 210° now increase, until the cavity is but partially 
filled. As much as ^ of an ovoid cavity may be empty. All 
of this points to marked contraction on solidification and cool- 
ing. The old capillaries, however carefully protected or slowly 
cooled, invariably break throughout their length in the lapse 
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of time. On casusj inspection one mi^ht ascribe this result to 
an expansion of the solidifying core: but the occurrence of the 
bubbles mentioned, which open out with the great rapidity 
attributable only to solidification, and the fact that breakage 
(cf. fig. 6, h) is often only confined to the water glass core 
(being a longitudinal fissure within this, not extending to the 
igneous glass envelope), show that an intense strain oi dilata- 
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tion is encountered. All observations indicate contraction with 
large volume-coeflicient, too large for the igneous glass to follow. 
Some rough measurements ot the coefficient of expansion, 
the best available under the circumstances, gave between 25** 
and 185° a coefficient "0020. The mean coefficient of water 
within these limits would be but '0008. Something of this 
order must obtain if within a capillary section and a moderate 
interval of temperature, tensile stresses sufficient to rapture the 
tube are to be developed on cooling. But the bubbles and 
stresses thus resemble the occurrences which in Prince Rupert 
drops require so much higher a temperature to produce them. 
Special mention may here again be given to the acceleration 
of the rate of reaction with increasing temperature. At 185° 
there is mainly swelling and absorption. At 210*^ the reaction 
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\ already too rapid to admit of the physical measarement of 
8 suceesdive sta^s. 

9. The appearance of the cold tabe when cat across is 
alarged in tignre 5 (with fig. 4, p. 170), which shows the 
sternal and the original internal diameters, and the diameter 
f the core of water glass (the latter dotted). Apart from the 
abbles usually connected by a very fine capillary canal, the 
ibe has become a glass stem. On holding the tube in a suita- 
le position, the core of water glass may be seen sharply dif 
srentiated from the igneous envelope. In other respects 
lere is firm coherence, and the water ^lass appears on trial 
bout as hard as the igneous glass. Slight heating melts the 
'ater glass, which then swells up enormously and exudes from 
le tube, like pith. 

10. An experiment was made to test the colloidal character 
f the reaction by replacing the thread of water with a thread 
f solution of cobalt nitrate. Should the latter turn blue at 
10° the occurrence of chemical reaction would be indicated. 
Tot only was this not the case, but the reaction completing 
Belf in the usual way, left a gray granular scum of decomposed 
5balt salt in the axis of the tube. Hence all water enters the 
lass by diffusion, the glass itself performing the function of a 
mii'permiahle memhrane of the energetic character specified. 

Yet the reaction as a whole cannot be represented as a mere 
hysical diffusion : for it is not probable that the reduction of 
le concentration gradient from the axis of the tube outward, 
juld result in so sharp a differentiation of water glass core 
ad igneous glass envelope as is observed. Nor am I aware 
lat the occurrence of contraction in a system undergoing col- 
>idal solution, has been definitely observed or is the usual 
lie. Saturation is to some extent given by the swollen solid 
Dagulate only; it is not usually observed in the colloidal 
)lution above* the melting point. In the case of water glass a 
efinite condition of saturation at the close of the reaction 
mst be inferred. The results above obtained with retorts in 
'hich definite quantities of water were needed to yield a clear 
lass, are to the point. 

Since glass at ordinary temperatures does not swell up in the 
resence of water, the question suggests itself whether all col- 
nds at temperatures suflSciently below their dissolving points 
ill lose the property of swelling. 

If the colloid be regarded as consisting of aggregated mole- 
iles, with all particles of nearly the same specinc size but 
rger than the molecular diameter, the following graphic 
shibit of the phenomenon of solution and coagulation is ten- 
3le. The three groups of forces involved, viz., the attraction 
f liquid molecules for each other, of solid molecules for each 
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other, and the attraction of solid and liquid molecules may be 
symbolized by i^i^, SS^ and FS, respectively. Of these groups 
^i^+6'6^ together promote precipitation or crystallization, while 
i^/S' alone is favorable to solution. The former case occurs for 
FF-hSS>FS; the latter for FF+SS<FS. FF-hSS^FS 
for a given diameter of particle is the stable case. Suppose 











now the diameter of the particle is laid off horizontally, and 
the forces in question are laid off vertically. We obtain two 
curves which must intersect and have the relations to each 
other given by the figure, if a definite diameter 2ro larger than 
the molecular diameter 2r^ is to be stable. For larger particles 
the forces FS rtg in excess and the particle will dwindle by 
solution. For smaller particles the forces FF-\-SS are in 
excess, and the particle will grow by accretion. The effect of 
temperature is to shift the curves relatively to each other, tem- 
perature increase tending to raise SF and to lower FF'\-SSy 
simultaneously. Recalling the colloidal condition ro>r^, the 
result is a motion of the point of intei*scction to the left and 
an approach of the r^to the molecular diameter. Temperature 
decrease has the reverse effect, moving the point of intersection 
to the right. It is then merely necessary to suppose the two 
curves to have very nearly the same slope beyond r^, to bring 
about an enormous increase in the diameter of the colloidal 
particle 2/'^, for very slight thermal shifting. This is illofi- 
trated in fig. 7, and is the most natural conception I can form 
of coagulation. If the mass is very viscous, the condition of 
equilibrium will rarely be approached but very slowly. Sep- 
arately considered, the curves assert that with increasing size of 
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particle or number of molecules to the aggregate, the attractions 
of particles for each other and for the liquid decrease. The 
nature of these forces is thus a residual affinity. 

12 If again we turn to the chart, fig. 
4, and inquire what will be the shape 
of the isotherm in a pv diagram, we 
observe that the reaction begins with 
the small compressibilities (large bulk 
modulus) of pure water, then passes 
through enormous values of compressi- 
bility back again to the extremely small 
values of compressibity at the end of 
the reaction. The isothermal is there- 
fore a doubly inflected curve of the 
form, fig. 8, well known in the treatment of vapors. To every 
point of the present curve, however, there corresponds a definite 
concentration of water glass, increasing from right to left 
The curve begins with compositions of much water and little 
class, with stable solutions and elastic fluids ; whatever water 
18 forced into the glass corpuscles by pressure, comes freely 
and almost wholly out again when pressure is relieved. The 
curve terminates in compositions of much glass and little 
water, again stable and elastic ; the intermediate field, a, being 
unstable and inelastic (n on resilient). In view of the exceed- 
ingly viscous liquids involved, the reactions are not implosive 
but can be observed through, from liquid water to semi-solid 
water glass, including the unstable part of the curve. Looking 
at these reactions from another point of view, they present a 
striking analogy to mass action in which either the water or 
the water glass is stable according as an excess of one or the 
other of the ingredients, water and glass, is encountered. The 
same inference follows from the experiments (§ 3) made in 
steel retorts. We have therefore traced a peculiar case of 
mass action evidenced by the successive values of the com- 
pressibility of the solution. 

13. In the above paragraphs, I have endeavored to show that 
while glass expands in absorbing water, the system glass-water 
contracts 20 per cent to 30 per cent, so far as can be discerned. 
The important question thus at once arises, whether so large a 
contraction as this can be supposed to occur without the 
evolution of heat. It seems to me that this is quite improba- 
ble, although I have not been able, after some pains, to com- 
plete a direct test in answer to the inquiry. Under high pressure 
conditions such experiments are so ditficult, however, that the 
failure to obtain direct results is not surprising : for in view of 
the necessarily small lateral dimensions of high pressure appa- 
ratus, and the relatively slow reaction, etc., the investigation of 
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the thermal data soaght is almost bound to prove futile. 
There is so little opportunity favoring the accumulation of 
heat. 

In nature, where a large extent of rock is liable to be placed 
under the influence of water at high temperatures, the condi- 
tions are much better adapted to promote solution. Let it be 
called to mind that the rate of reaction increases rapidly with 
increasing temperature, i. e., with increasing depth below the 
surface of the earth. Furthermore, that whatever heat is 
produced by the reaction itself, will in its turn additionally 
stimulate its intensity. Hence it is altogether probable that at 
sufficient depths within the earth, the heat evolved by the 
action of water on rock will be generated faster than it can be 
dissipated. The result would be a subterranean, local source 
of heat whose efficiency is variable with the character of the 
rock, the topography of the surface, the temperature and depth 
of the available mass of water, etc. If we endeavor to associate 
volcanic action with some such agency as here sketched, we 
should agree that the occurrence of volcanoes at the sea- shores 
presents the case of greater probability, while inland volcanoes 
are not excluded. The probability would increase for those 
rarer cases in which the necessary quantity of water is in any 
accidental way liable to reach the quantity and special kind of 
rock in question. Even under suitable conditions of tempera- 
ture therefore, and near the ocean, active volcanoes would be 
a rare occurrence, seeing that the particular ingredients needed 
for an intense reaction are not everywhere available. Nor is 
it necessary that the material ejected by the volcano be the 
identical rock acted on, since in the above experiments with 
retorts, dissociations are already in evidence. The material 
which ultimately remains hydrated will depend on other reac- 
tions and segregations, possible after termination of the hydra- 
tion, or upon reactions within the hydrated magma. 

Finally with the completed hydration of the given silicate 
in the manner evidenced by the above experiments with capil- 
lary tubes: in other words, after the available water or rock 
have been used up, the reaction would definitely subside and 
the volcano become extinct. 

It is not necessary to trespass speculatively as far as I have 
done in the preceding paragraph to detect the definite bearing 
of the present results on the potential fluidity of magmas, their 
diminished density, etc. I will give a rough sketch of the 
geologic conditions involved to make my meaning clearer. A 
represents a vertical section of the ocean with the depths laid off in 
kilometers. As the water put into reaction must remain liquid 
at least up to 200° (say), the water available for the reaction 
must be tapped from a level deeper than 150 meters, or roughly 
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200 meters below the surface of the ocean. Otherwise the 
water would be vaporized and inactive. This depth is marked 
dd in the diagram to show its relation to the siirronndfrg oceaa 
and shore lines. 

B, in the diagram, represents the adjoining land, with the 
isotherms higher than 200° located in place. The newest 
measurements put these aboat 400 kilometers apart per 100° 




C. If therefore water from anywhere below the level dd 
enters the rock by whatever catastrophe, penetrating as far as 
the isotherm for 200°, the rock there, if of the character of the 
above experiments, will become liquified, apart from pressnre. 
The hydrated silicate in place is thus virtually fluid below the 
contours of the isotherm 8 kilometers below the surface. Thus 
the depth of the isotherm of potential fusion is placed about five 
times as near the surface as would be the case for the corre- 
sponding igneous fusion. Estimating the pressure on the 210° 
isotherm as much below 3000 atmospheres, the whole pheno- 
menon is in an interesting way placea within laboratory reach. 
Brown tJDiTeraity. Providence, R. I. 
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Art. XVI. — ConraWs Types of Syrian Fossils ; by C. E. 

Beecher. 

In the oflScial report of the United States Expedition to the 
Dead Sea and the Ei ver Jordan, by Lieut. W. F. Lynch, U. S. N., 
published in 1852,* there is a chapter (pp. 209-229) by T. A. 
Conrad, containing a " Description of the Fossils of Syria col- 
lected in the Palestine Expedition," accompanied by an appen- 
dix (pp. 230-235) and illustrated by thirty lithographic plates. 

It appears from the context that the collections studied 
by Conrad were from three separate sources : (1) Material 
obtained by Dr. H. J. Anderson, in charge of the geology of 
the Lynch expedition ; (2) specimens furnished by the Friends 
of Missions, a society in Cincinnati, Ohio ; and (3) specimens 
loaned by Professor Silliman from the Geological Cabinet of 
Yale College. 

Professor R. P. Whitfield in a paper on Syrian fossils, pub- 
lished in 1891,t makes the following statement regarding these 
collections (1. c, p. 383, footnote): " I have made every reason- 
able eflfort to find the originals of Mr. T. A. Conrad's species 
described in the OflScial Kept, of the U. S. Exped. to the 
Dead Sea and Kiver Jordan, under Lieut. W. F. Lynch, for 
the purpose of identification and comparison as well as verifi- 
cation ; they seem, however, to have been entirely lost sight 
of, as inquiries of the diflPerent societies and persons having 
charge of collections, where they might have been deposited, 
have entirely failed to bring any of them to light.'* 

It is, therefore, a matter of some scientific importance to be 
able to announce in this notice, that in the course of the 
unpacking, classification, and redistributing of the material 
belonging to the Geological Department of the Yale University 
Museum, now in progress, a box has been found containing a 
number of Conrad's types of Syrian fossils. The box label 
reads: "Fossils of Palestine described in Lt. Lynch's Report 
by Dr. Anderson, Sept. 1852." The specimen labels are writ- 
ten in Conrad's handwriting and have torn edges, a method of 
labelling quite characteristic of that author. 

In order to define clearly the precise value of this material 
as a collection of types, the terminology proposed by SchuchertJ 

* Official Report of the United States Bxpedition to explore the Dead Sea aod 
the River Jordan. By Lieut. W. F. Lynch, U. S. N. 4to, pp. 236, plates 1-22 
and 1-8 in Appendix. Baltimore, 1852. 

f Observations on some Cretaeeous Fossils from the BeyrAt District of Syria, in 
the Collection of the American Museum of Natural History, with Descriptions of 
Some New Species. By R. P. Whitfield. Bulletin of the Americao Museum of 
Natural History, voL iii. No. 2. 1891. 

X What is a Type in Natural History ? Science, N. S., vol. v, No. 121, 1897. 
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»wed, and a catalogae of the specimenB is herewith 
ed. 

s of Syrian Fossils described by T. A. Conrad in Lt. 
I Expedition to the Dead Sea, 1852, in the collections of 
niversity Maseum. 

Holotypes. 
imber in parenthesis = original number). 

Mactra pervetvs Conrad. (1. c.) Plate 8, fi^. 49. 

1 specimen. 

Holcuiter syriacus Conrad. Plate 1, ^g, 2. 1 specimen. 

Lucina syriaca Conreid^ Plate 10, fig. 57. 1 specimen. 

Nerinea «yr/aca Conrad. Plate 12, fig. 72. 1 specimen. 

Cotypes, 

Cardium hiaeriatum Conrad. 1 specimen. 

Cardium biseriatum Conrad. Plate 6, fig. 39. 

1 specimen. 

TeUina syriaca Conrad. (No. 16 figured.) Plate 10, 

fig. 61. 4 specimens. 

TeUina syriaca Conrad. Plate 10, fig. 60. 1 specimen. 

Echinus syriacvs Conreid. Plate 1, fig. 1. 1 specimen. 

Paratypes. 

) Chefnopus syriacus Conrad. 2 specimens, 

t) Natica indurata f Conrad. 2 specimens. 

\) Turritella magnicostala Conrad. 6 specimens. 

Jhirritella magnicostataf Conrad (yonng). 1 specimen. 

5) Cardium biseriatum Conrad. 7 specimens. 

Trigonia syriaca Conrad. 4 specimens. 

Chenopua turriculoides Conrad. 12 specimens. 

Holasttr syriacus Conrad. 2 specimens. 

Ammonites syriacus Conrad. 4 specimens. 

Cardium, crebriechinatum, Conrad. 1 specimen. 

Jnoceramus Lynchi Conrad. 1 specimen. 

Isocardia crenulata Conrad. 1 specimen. 

Jifactra pervetus Conr&d, 2 specimens. 

Niatica indurata Conrad: 1 specimen. 

Natica syriaca Conrad. 1 specimen. 

Cidaris spines, 6 specimens. 

Hypotypes. 

Ostrea scapha ? Roemer (Conrad). 1 specimen. 

Exogyra Boussingaulti D'Orbigny (Conrad). 

8 specimens. 
Exogyra Boussingaulti D'Orbigny (Conrad). 

7 specimens. 
Ostrea virgata? Goldfuss (Conrad). Plate 1, figs. 7, 8. 

1 specimen. 
Ostrea virgata Goldfuss (Conrad). 3 specimens. 

Oryphma vesicularis ? Lamarck (Conrad). 1 specimen. 

22 species. 

>UR. Sci. — Fourth Series, Vol. IX, No. 51.— March, 1900. 
13 
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Species labelled by Conrad but not described. 

No. (Number in parenthesis = original number). 

32 (12) CuculloBQ indurata Conrad. 2 specimens. 

33 CncuUcBa indurata Conrad. 1 specimen. 

34 Cucullcea syriaca Conrad. 2 specimens. 

The entire report contains figures and descriptions of one 
hundred species, and the present collection furnisnes authentic 
examples of twenty-two of these, nine of them being repre- 
sented by figured specimens. 

The Syrian collection now in the Tale University Museum 
came chiefly through American missionaries, and comprises 
accessions made at various periods during the last seventy- 
seven years, beginning with 1821 down to 1898. The dates of 
the various lots, as far as can be determined from the labels 
and from references to the early volumes of this Journal,* 
where they are in part described, are as follows : 

1821. Specimens sent by Rev. Eli Smith of the Class of 1821, 

Yale College. 
1824 and 1827. Three boxes containing collections made bj 

Rev. I. Bird, Class of 1816. 
1840. Specimens from Rev. Hibbert. 

Specimens from Rev. Dr. A. T. Pratt, Class of 1 847. 

1857. Collection sent by Rev. H. H. Jessup, Class of 1851. 

1861. Specimens from Kev. Dr. Van Dyck. 

1898. Specimens in collection of Professor O. C. Marsh. 

Since Conrad's report was published in 1852, many of the 
specimens he described from the Yale Cabinet doubtless be- 
longed to the earliest accessions. Thus, the first considerable 
description of Syrian fossils is based in part on one of the 
oldest collections in America and one of the first received from 
foreign lands. 

Yale University Museum. 

Now Haven, Conn., Feb. Ist, 1900. 

*Tlii8 Journal, I, vol. ix, pp. 337-351. 1825. Description of Minerals from 
Palestine; by Professor [F.] Hall. 

Ibid., vol. X, pp. 21-29. 1825. 

Notice of Minerals, etc., from Palestine, Egypt, etc., in a letter from the 
Rev. Isaac Bird, Missionary, to the editor, dated Beyroot, Palestine, March 
15, 1825, with remarks upon the specimens, by the editor. [B. Silliman.] 

Ibid., vol. xii, pp. 145-147. 1827. 
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Art. XVII. — An Electrical Thermostat; by William 

Duane and Charles A. Lory. 

In some research work that one of us has been carrying on 
recently, it became necessary to construct an easily adjustable 
thermostat that would keep the temperature of a bath constant 
to within yjVit*'^ ^^ ^ degree Centigrade for a considerable 
length of time. It was thought that this could be accom- 
plished best by means of an electric current, because if the 
current passed through wires suspended in the bath, or through 
a conducting bath itself, heat would be supplied throughout 
the whole bath much more easily and quickly than by other 
means. 

The result of our endeavor to construct such an electrical 
thermostat has been quite satisfactory. During the trial runs 
the temperature of the thermostat remained constant to within 
less than ^^jVirth of a degree Centigrade, although several times 
the temperature of the surrounding atmosphere varied 12° C. 
or 15° C. in half an hour. 

The general scheme is this. Through a conducting liquid, or 
through wires immersed in one which is non-conducting, 
flows an electric current, that is sufliciently large to heat the 
liquid up to a temperature considerably above the constant 
temperature required. A system of tubes containing a liquid 
with a large temperature-coefficient of expansion is placed in 
the bath. By means of a suitable mechanism the expansion of 
this liquid interrupts or reduces the strength of the heating 
current when the required temperature has been reached. The 
temperature of the bath then begins to fall, whereupon the 
original current is started again automatically. It might seem 
at first thought, that, owing to the time required for the heat 
to penetrate through the walls of the tubes to the expanding 
liquid within, the making and breaking of the circuit would 
take place rather slowly, and the temperature of the bath 
would be oscillatory instead of constant. This is undoubtedly 
true to a certain extent. Practically, however, with our 
arrangement of apparatus the variation of temperature is too 
small to be detected even by a differential thermometer that 
would indicate a change of temperature of ^^Vto^^^ ^^ ^ degree 
Centigrade. Indeed the efficiency of the apparatus is due to 
the fact that the makes and breaks follow eacli other so rapidly, 
that there is not time for the temperature to change percep- 
tibly between them. Often two, three or even more interrup- 
tions of the current occur in one second. At first we used an 
ordinary wash-boiler containing about 150 liters of water as a 
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batb. Tbe boiler was placed id h large wooden box and packed 
in around the sides witli wool. A lii^lit wooden frame immereed 
in the water served as a rack to bold tlie wires conveyinf^ the 
current. We encountered considerable difficulty, however, owing 
to the wires becoming very brittle and breaking after a few 
days' use. This was the case with wires of copper, iron and 
German silver. A direct current, too, seemed to prodnce a 
much greater effect than an alternating one of the same heat- 
ing power. 

To obviate this difficulty we constructed a wooden trough 
(80™ X 40™ X 50™) and filled it with a weak solntion of com- 
mon salt in water. The two ends of the trough were com- 



A 



B 



pletely covered inside with sheets of zinc, that served is 
electrodes by means of wliich an alternating cnrrent from tlie 
110 volt electric light circuit passed through the Bolntion. 
This method of heating proved very satisfactory. 

The liquid in the bath was kept in continual and rapid circu- 
lation by means of four stirrers operated by a small witer 
motor. 

The tubes containing the expanding liquid were of thin brass 
about 'i^"" in diameter. They were fastened together bj 
means of iron joints in the foi'in of two rectangles (A and B, 
fig. 1). The tube connected the two rectangles together. 
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The whole ejetem of tabing was placed in the batb with the 

! lanes of the rectangles horizontal and the tabe C vertical, 
'he portion Q D E is the regulating device. After the tnbes 
had been filled through s smal! hole in the top of the tnbe E a 
brass cap was screwed on the end of E, pressing a small disk 
of lead tight down over the hole. This formed a perfectly 
air-tight stopper. The form of the stopper and regulating 
device finally adopted is shown in fig. 2. The portions of the 
tnbe marked a e and d were of iron ; b was of brass, and e oi 
glass, a and the whole system of tnbes A, B and were filled 
with alcohol, and 6, c, d and » np to the ^ 

platinnm wire at f with pure mercnry. 
The alcohol in the large system of tnbes 
expanding and contracting forced the mer- 
cnry ap and down, making and breaking 
the contact aty. At the joints between a 
and b, b and c, and d and e were rabbcr 
washers; and screw clamps, not shown in 
the iignre, pressed the several parts firmly 
together. 

The reason for inserting the small brass 
reservoir b in the portion of the tnbe con- 
taining the mercury was this. Without 
it wefonnd that the temperature at which 
contact was made and broken -at / kept 
gradnally rising, indicating a small leakage 
of alcohol. Since the insertion of an 
easily amalgamated metal in part of the 
tubing containing the mercnry completely corrected this fault, 
we surmised that the leakage must have taken place along the 
contact snrface between the mercnry and the iron tubing. No 
appearance of alcohol at/" was noticed, but it could easily have 
evaporated too rapidly. 

The binding posts at g and h were connected to a circuit 
containing a dry cell and a relay. The relay opened and 
closed a second circnit containing an electromagnet, which in 
turn controlled the main heating circuit. 

For temperatures only a few degrees above that of the room 
the makes and breaks at /* may open and close the heating 
circuit completely ; but for temperatures 30° or 40° C above 
that of the room it is better to arrange the circuits so that the 
makes and breaks at _/' throw an extra resistance into and out 
of the main circnit. In this case, of course, the larger of the 
two main currents must be eufficieiit to heat the bath up to a 
higher temperature than the required one, and the smaller 
ioBiifiScient to maintain it at that temperature. 
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In our apparatas the glass tube e was open at the top. A 
large variation in the atmospheric pressure might produce a 
change in the temperature at which the makes and breaks take 

Slace on account of the slight compressibility of the alcohol. 
To such effect has been noticed, however. If it occurred the 
fault could easily be remedied by fastening a tube with a large 
bulb on its end to the tube e. The bulb, of course, would 
have to be below the surface of the bath, so that the tempera- 
ture of the air within it would not change. 

In practice it is easy to set the regulating device to working 
at any desired temperature between that of the room and one 
a few degrees below the boiling point of the liquid in the tubes, 
as follows. With the cap h unscrewed, allow the bath to heat 
up slowly, and when the desired temperature has nearly been 
reached, screw the cap down. A little practice will enable one 
to set the thermometer at a temperature within a small fraction 
of a degree of the desired one. 

The reason that the interruptions of the current follow each 
other so rapidly is not quite clear to us. It may be due to a 
slight jarring of the surface of the mercury at/. In any case 
the best results are obtained with pure dry mercury, and when 
the platinum wire touches the convex surface of the mercury 
column near its center. 

Hale Physical Laboratory, University of Colorado, U. S. A. 
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RT. XVIII. — The Toxic Actioti of a Series of Acids and 
of their Sodium Salts on Lupinus Albus; by Rodney H. 
True. 

In former papers (1 and 2*) dealing with the toxic action of 
ssolved salts and their electrolytic dissociation, Dr. Kahlen- 
Tg and I presented some evidence bearing on the effect of 
e ionization of the molecule on the poisonous properties 
erted by these substances on the radicles of Lupinus albus. 
In those papers the belief was expressed that the toxicity of 
ids was in very large part due to the action of the hydrogen 
DS formed in the aqueous solution. The question as to the 
xicity of the anions and of the residual undissociated mole- 
iles, in case ionization was not complete, was raised and post- 
med for treatment in a further paper. Accordingly, in 1896, 
r. £ahienberg and I began the study of the toxic action of 
e sodium salts of a series of acids for comparison with that 
the acids themselves. Considerable time has elapsed since 
en, and now, with the consent of my colleague, I have put 
gether the results of the study. Dr. Kahlenberg is, there- 
re, responsible for the chemical part of the experimental 
ork: for the botanical part and for the formulation of the 
3ults embodied in this paper I, myself, am responsible. 
Methods. — Since the method used has been elsewhere 
scribed (1) in detail, it will suffice to say here that radicles of 
pinus albus were exposed to the action of a series of con- 
trations of the aqueous solutions of the compounds involved, 
the greatest concentration observed, in which the primary 
s survived after an exposure of twenty-four hours, 
he sodium salts were prepared by adding to solutions of 
icids chemically equivalent quantities of sodium hydroxide 
)H). 

'scussion of Principles Involved, — It is a well established 

>f chemistry that if, to a solution of an acid, an equivalent 

nt of a strong base like NaOH be added, a clean-cut reac- 

n\\ take place, resulting in the substitution of the metal 

n the compound cited) for the H of the acid, and the 

;ion of water. 

+ 
e the physiological activity of H has been shown to be 

+ 
5at (2 and 3) and that ^f Na relatively very slight, (1) 

-f 
ctiveness of the H component may be roughly tested 

)aring the toxic activity of the acid with that of its 

wilt, differences in the degree of ionization being borne 

As is well known, acias dissociate in varying degrees 

leteness and the anions or acid radicles may be signifi- 

♦ See Bibliography, p. 192, 
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cant also, likewise the residue of nn-ionized molecales, should 
dissociation be incomplete. The same general considerations 
obtain also for the sodium salts. Since in both acid and salt 
the same anions are found, the difference between the death- 
limits of acid and salt measures roughly the action of U ions, 
provided that ionization be found in like degree in both. 
Should it be unlike and incomplete, the toxic action will vary 
according to the number of molecules ionized (1). 

Letting t equal the toxic value of any acid or salt, k the par- 
tial-toxicity of the cations, a the partial-toxicity of the anions 
and m the partial- toxicity of the residual undissociated mole- 
cules, then, should ionization be complete, t'=^k+a. Should 
ionization be incomplete, t-==k+a+m. In the case of acids, k 

would represent the partial-toxicity due to H ions; in the 

sodium salts it would represent the partial-toxicity of the Na 
ions. 

In hydrochloric acid we have a type of the stronger inor- 
ganic acids. It dissociates very freely in relatively strong con- 
centrations and gives a valuable standard of comparison bj 
which to judge the weaker organic acids. It is practically 
completely ionized at the death-limit characteristic for the 
white lupine, one molecular-weight in grams dissolved in 6400 
liters, hence this case illustrates the simpler instance, t^k-ha. 

The toxic-value of the Na salt, NaCI, is one gram-molecnle 
of the substance dissolved in sixteen liters of water, or briefly, 
16. At this relatively great concentration, this salt is not com- 

Eletely dissociated, only about 86 per cent of the molecales 
eing ionized (5). The value 16 represents, therefore, thesam 

of the partial-toxicities of Is a ions, CI ions and 15 per cent of 
undissociated molecules. Here, t=k+a+m. 

We may obtain an approximate idea of the actual value of 

H ions by a comparison of the toxicity of HCl with that of 
NaCl. As appears from data just given, it seems to lie near 
6400. Strong corroborative evidence may bo obtained by a 
study of sulphuric acid and some of its compounds. This 
acid is practically entirely ionized (6) at the death-limit for 

lupines, 12,800, and since it splits off two H ions from every 
molecule, it would have, in chemically equivalent quantities, 

twice the number of 11 ions found in HCl, and should have 
its death-limit at one-half the concentration of the mono-baaic 
acid. This has been realized by experiment (1). Should one 
of the H atoms of H^SO^ be replaced by some relatively harm- 
less metal, the death-limit should lie at approximately the same 
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concentration as that of HOI, provided ionization were com- 
plete. These suppositions have been practically reah'zed (1). 
We are now aole by means of these values to obtain an 

expression representing approximately the toxic-value of H 

ions. If the molecule splitting off two H ions when com- 
pletely dissociated at the death-limit, gives a value of 12,800, 
and the same molecule in which one H is replaced by a metal 
gives one-half that value, plainly all other factors become prac- 
tically zero in comparison with the H. This ion may, tnere- 
fore, be given approximately the absolute value of 6400. We 
see that all other ions concerned are negligible in comparison 

with H ions ; hence K ions and ^O^ ions have a relatively 

insignificant value. If HJions have a toxic-value of 6400, 

plainly in HCl with a toxic-value of 6400, the CI ions are rela- 
tively insignificant (I). Results of experiments not yet in 
print have shown that for the lupines the toxic-values of NaCl 

and KCl are essentially alike, 16, hence Na ions are likewise 
relatively insignificant. 

The question now arises, what is the actual significance of 
the relatively weak factors, the anions and the undissociated 

molecules? Since the sum of the toxic-values of Na ions,^ CI 
ions and 15 per cent undissociated molecules equals 16, plainly 
no one factor can have a value exceeding 16. Probably any 
one of them is considerably less. For the present, however, it 

is sufficient to know that the toxic-value of Na ions and the 
toxic-value of 01 ions is each less than 16, or less than ^^^that 

of H ions. 

In the discussion of the toxic-values of the compounds here 
concerned, I shall try to fix, as accurately as may be, the par- 
tial-toxicity due to each factor. 

Discvsaion of Results. — In order to present in as clear a 
manner as possible the results of greatest significance in this 
discussion, I have omitted the details of the individual experi- 
ments, only indicating their outcome. In the tables, as well as 
in the discussion of data, the toxic-values are expressed by the 
numbers of liters of water in which the molecular- weight in 
grams, of the substances concerned, must be dissolved, to give 
the physiological results seen. The same numbers would occur 
as the denominators of the fractions indicating those parts of a 
gram-molecule which, dissolved in one liter of water each, 
would form the strongest concentrations in which the primary 
radicles of Xupimis albus could survive for twenty-four hours. 
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Since in experiments of this nature the fixing of limits can 
be only approximate, I do not wish to claim for the numerical 
results here ^iven a strict mathematical accuracy. These values 
may be taken as an approach only to the exact relations existing. 

In the following table, the data are arranged in six columns. 
Column 1 gives the n^mes of the compounds discussed. Col- 
umn 2 gives the death-limit of each substance for the lupines. 
Column 3 gives the partial-toxicity due to cations. Column 
4 gives the partial-toxicity due to anions. Column 5 gives the 
partial-toxicity due to undissociated molecules of the acids. 
Column 6 gives the degree of ionization found or estimated to 
exist in the solutions at the concentrations indicated by their 

death-limits. Since the toxic-value of Na ions has been found 
to lie at less than 16, when dissociation is complete, it is not 
indicated here in the column giving the toxic value of the 
cations. It lies always less than 16. The values of the 
undissociated molecules of the salts are not indicated, since the 
necessary data for their determination are not at hand. As is 
shown below, however, these values are usually very small. 
This may be in part due to their non-toxic nature, and in part 
to the small proportion of un-ionized molecules left in the solu- 
tions at the toxic-limits. It will be seen from the table that 
these sodium salts ionize very freely. 

In ascertaining the data for column 6, I have made use of 
Ostwald's determinations for the acids. Since Ostwald's inves- 
tigations (7) extended only to the dilution n-1024, a point lying, 
in all cases, short of the limits found for the plants, I have 
resorted to estimates based on the data given.* The degree of 
ionization of the salts was calculated from Kohlrauscn and 
Holborn's excellent series of tables (4). 

* To illustrate the method of calculHtioD used, the folIoiyiDg example is gi^en. 
Ostwald, Zeitschr. f. physik. Chem., iii, p. 174. 

Formic acid. 

LLoa = 375 



V 


— 


lOO" Differences. 


Ratio of increase. 


8 


15-22 


4-05 




16 


2119 


6-63 (2-58) 




32 


29 31 


7-79 (1-06) 
10-78 (2-99) 
14-76 (3-98) 
20-12 (5-36) 




64 


40-50 


(1-33) 


128 
256 


55-54 
75-66 


(1-3 ) 
(1-3 ) 


512 


102-10 


27-10 (6-98) 


(1-3 ) 


1024 
2048 
4096 
6144 


104-70 


35-80 (8-70) 

(46-67) (10-87) 

(60-26) (13-59) 

(68-15) (8-15) 

K = 0,0214 


(1-25) 
(1-25) 
(1-25) 
(1-20) 


Interpolated numbers are in 
tion at t; = 6400 is taken to be 


parentheses. Last three ratios assumed. lonitt* 
roughly 70 per cent. 



their Sodium Salts on Lupinus Albus. 



187 



Table of Rbbults. 

Part.-Tox. loDization 
Part-Tox. Part.-Tox. of at Death- 
stances. Death- of of un-ionized limit. 

limit cations. anions, molecules, per cent 

iloricacid.. 6400 6400 100 

16 16 16 86 

omic acid . 6400 100 

16 

icacid*-.- 6400 100 

24 

5id 6400 

oacid 12800 12800 100 

6400 6400 100 

series, 

,oid 6400 4480 36 1884 70 

Me 60 86 90 

3id 1600 960 11 629 16 

kte 25 11 85 

oacid 3200 1088 36 2076 17 

ionate 50 36 88 

acid 3200 1162 36 2012 18 

rale 60 36 87 

atic series. 

acid 6400 2432 186 3783 38 

oate 200 186 92 

acid 6400 6016 85 300 94 

^late 100 85 91 

jnzoicacid 3200 2560 36? 600? 40 

rybenzoate 50 36 ? 

nzoicacid. 3200 1600 36? 1564? 25 

ybenzoate. 50 36/ 

enzoic acid 6400 6400 9-36 00 100 

.robenzoate 26-60 9-36 86 

»enzoicacid 12800 6400 6400 00 100 

trobenzoate 400 385 ? 

enzoic acid 12800 6400 6400 00 100 

robenzoate 400 385 ? 

echuicacid 3200 1792 35? 1423? 28 

>catechuate 60 35 ? 

id 6400 2240 85? 4076? 36 

te 100 85? 

3 acid 12800 2880 785 9135 45 

imate 800 786 96 

acid 6400 1920 10? 4470? 30 

irate 25 10? 

acid 400 00 00 400 00 

>late 400 

* Results worked out by Miss May Randall, 1899. 
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Inorganic Compounds, — In the inorganic acids one finds 
very free ionization, as a rule, so free that in HCl and other 
halogen acids, nitric acid and snlpharic acid, practically com- 
plete dissociation exists at their death-limits for lupines. Since 
the toxic-values of these acids are essentially alike, 6400 for 
each H atom of the molecule (1), it is clear that they possess in 
common a component of great intensity of action, so great as 
to render other factors negligible in comparison. This com- 

mon constituent is the equivalent quantity of H ions present 
In view of this coincidence, one is safe in inferring that the 

death-limit for JBL ions lies at about 6400 for the lupine. 

The sodium salts of these acids, as far as tested, agree in 
having a low toxic-value ; indeed, NaCl is as nearly harmless 
to lupines as any salt yet tested, having its death-limit at 16. 
Since at this concentration about 85 per cent of the molecules 
are ionized, 16 represents the sum of the toxic activities of 

jW a ions and CI ions from 85 per cent of the molecules and 
15 per cent of residual molecules. If separated into their 
respective partial-toxicities, one would expect comparatively 
slight values for each component. 

Organic Compounds, — As a rule the organic compounds 
offer somewhat greater diflSculties than the inorganic substances. 
In general, ionization of the molecule is seldom complete at 
the death-limit, the sodium salts usually ionizing more freely 
than the corresponding acids. Consequently it is rare that the 

effect due to H ions is relatively as great as in HCl, and the 
partial-toxicity due to the anions and undissociated molecules 
becomes much more important. In some cases it may even 

exceed that of the H ions. 

Fatty Series, — In the examples from the fatty series exam- 
ined, one finds considerable diversity in the results obtained. 
Formic acid is distinctly the most toxic member of the gronp 
and undergoes likewise a distinctly greater degree of ioniza- 
tion, — 70 per cent as against from 15 per cent to 18 per cent in 
the other acids. The result is a distinct prominence relatively 

and absolutely of the H component and a correspondingly 
reduced effect due to anions and undissociated molecules. 

The sodium salts show no similar differences in their action, 
the formate, propionate and butyrate giving identical death- 
limits. The acetate is as weak in its poisonous action as any 
organic Na salt examined. These salts all undergo roughly the 
same degree of ionization, but from 10 per cent to 15 per cent 
of residual molecules existing in the solutions at the death- 
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limits. This fact, while not giving a namerically accurate 
ground for argument, permits us, nevertheless, to arrive at a 
rough idea of the relative effectiveness of ions and undisso- 
ciated molecules. To illustrate, formic acid owes to the action 
of the anions of 70 per cent of its molecules plus 80 per cent of 
un-ionized molecules remaining, 30 per cent of its toxic-value, 
1920 units. Sodium formate has a toxic-value of about 50. It 
has been shown above that the partial-toxicity characteristic for 

100 percent of Na ions is less than 16; here, therefore, the 

partial-toxicity due to Ifa ions cannot be more than 14 and is 
doubtless less. This leaves about 36 units due to anions derived 
from the ionization of 90 per cent of the molecules plus that due 
to the residual 10 per cent of molecules not thus ionized. 
Plainly the toxic- value of either of these factors cannot exceed 
the sum 36. One may roughly say that the toxic- value of these 
anions derived from 90 per cent of the molecules is less than 
36. Since in the acid TO per cent of the same anions are 
formed, in a more dilute solution the action of the anions must 
be still less. One may, however, safely express it still as less 
than 36. Comparing this value with the sum of the values of 
anions plus undissociated molecules, the action of the anions is 
seen to sink into insignificance, and the toxic-value due to the 
sum is practically due to 30 per cent of undissociated molecules. 

In acetic acid, but 15 percent of the molecules are ionized at 
a concentration of one gram-molecule in 1600 liters ; neverthe- 
less, 60 per cent of the toxicity of the acid is due to H ions 
derived from this proportion of molecules; 85 per cent of 
undissociated molecules plus 15 per cent of anions are responsible 
for 640 units or 40 per cent of the toxicity of the acid. A 
calculation similar to the above based on the action of the 
sodium salt shows that in this acid, a^ain, the anions can play 
no measurable part, the undissociated molecules, of which 85 
per cent are present, being responsible for practically 40 per 
cent of the toxic action of tne acid. 

In the remaining members of the fatty series studied, the 
relative importance of the action of the residual molecules 
increases; in both propionic and butyric acids the undisso- 
ciated molecules comprise about 80 per cent of the total num- 
ber, and exert about 65 per cent of the toxic action of these 
acids. 

Aj'omatic Series. — The study of the aromatic compounds 
has been very seriously limited by lack of data from the 
physico-chemical side. This is especially true of the sodium 
compounds, a large number of which seem not to have received 
study along the line of their electrolytic dissociation. In but 
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few casee, therefore, can the line of argnment pursued above 
receive thoroughly satisfactory application to these acids. The 
toxic-values of the acids and salts have, however, been tabu- 
lated, as well as estimated values for the factors, judged from 
the physiological evidence. 

In general, the acids show a very considerable variation 
in their toxic-values due to their cnemical structure. The 
boundary-concentrations lie between 3200 and 1-2,800. Disso- 
ciation varies between rather wide limits, from 24 per cent in 
p. oxybenzoic acid to 100 per cent in o. nitrobcnzoic acid. The 
toxic activity here as in the fatty series is preponderant in the 
cations when dissociation is far advanced. When this is not 
the case, the influence of the residual molecules exceeds it 
more or less decidedly. In hippuric, salicylic and o. nitro- 
bcnzoic acids, the H ions are especially influential. In benzoic 
and cinnamic acids, the action of the residual molecules is dis- 
tinctly predominant. In general, the sodium salts show here 
a very much weaker toxicity than the acids, the death-limit 
varying between 25 and 100. In Na cinnamate the limit lies 
at 800 and gives the most vicious sodium salt in the entire list. 
As far as the available data go, the salts of these acids dissociate 
freely, from 85 per cent to 96 per cent at the death-limit. 

In the case of acids, the dissociation of whose sodium salts 
has been determined, relations not unlike those obtaining in 
th^ fatty series, already discussed, are found to exist. 

In the case of benzoic acid, dissociating about 38 per cent at 
the death-limit, 38 per cent of the toxic effect may be regarded 

as due to H ions, 62 per cent to residual molecules and to 
anions. The toxic-value of the sodium salt is 200 ; less than 

15 units can be referred to Na ions, 185 units are chargeable to 
92 per cent of anions and 8 per cent of residual molecules. 
Since we may safely place the toxic-value of this number of 
anions at less than 185 units, the toxic-value of 72 per cent of 
undissociated molecules is more than 3783. 

In the m. and p. nitrobcnzoic acids it becomes diflBcult to 
apply the line of reasoning thus far used to the explanation of 
the results. The possibility exists, of course, that the death- 
limits are not correctly located. The thought also suggests 
itself that at this great dilution hydrolytic changes may take 
place affecting the essential structure and physiological prop- 
erties of the molecule. Owing to this anomalous behavior, a 
further study of these isomers seems especially advisable. 

Cinnamic acid deserves a passing comment. Although a 
mono-basic acid, it has an extremely toxic effect, equalling that 
of H,SO^, which cuts off two H ions per molecule at the death- 
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t. This unnsnal vicionsness is plainly to be charged in 
:e part to the andissociated molecules, but the anions here 
n to be ranch more significant than in any acid before men- 
ed. Probably abont 785 units are chargeable to the anions, 

at 15 units to Na ions, about 2880 units toH ions and about 
5 units to the residual molecules. 

'or comparison with the above organic acids, in which the 
I H is in the carboxyl form (COOH), carbolic acid and its 
compound have been added. Here the H is in the 
roxyl form (OH). The toxic-value of carbolic acid is 400 
about ^th that of the completely ionized mono-basic acid, 
tudy of the electrical conductivity has shown (9J that ioni- 
on is practically absent here, and the undissociated mole- 
J8 form, of course, the only factor. No diminution of the 
c-value would be expected, therefore, in the Na compound, 
a matter of fact (8), the toxic limit of the Na compound is 
wise 400. This is a situation fairly typical for the phenols. 

'ummary. — In closing, the main points brought out in the 
rse of the above discussion may be summarized as follows : 
riven the degree of ionization of the molecules of an acid 
of its Na salt at the limit-concentrations, it is possible 
roximately to analyze the resultant toxic eflEect into those 

iponent parts which are due (1) to the H ions, (2) to the 
ins and, in case ionization is incomplete, (3) to the residual 
issociated molecules. 

Q the inorganic acids cited, complete ionization exists at the 
it-concentration, e. g., in HCl, HBr, HNO, and others. The 
ms are probably toxic, but in a very slight degree when 

ipared with 11. Consequently, in these acids the purest H 
ct is seen and the minimum effect from other constituents. 

ions are but slightly toxic. 

Q both the fatty and the aromatic series of organic acids, the 

Is dissociate much less freely as a rule and exert their toxic 

+ 
on usually through three factors: H ions, anions and 

dual undissociated molecules. In case dissociation is well 

b complete, the partial-toxicity of H ions usually exceeds 

t of other factors. In case ionization takes place less freely, 

undissociated molecule plays an important part, often 

eeding that played by H ions. In general, such residual 
lecules possess a great degree of toxicity. In cinnamic acid 
r 77 per cent of the totaftoxic action is due to undissociated 
lecules. 
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In general, the anions of organic acids possess relatively 
slight toxic properties, oftentimes well nigh so slight as to be 
neglected, as in acetic and hippuric acias. In benzoic acid, 
and especiallj in cinnamic acid, the anions are distinctly toxic 
but to a degree relatively slight when compared with the action 

of H ions or of the undissociated molecales. 

Since ISa ions are but weakly toxic and the anions are often- 
times relatively ineffective, it follows as a rnle that Na salts 
have in general from but ^ per cent to 3 per cent of the toxic- 
value of the corresponding acids. 

Carboxyl hydrogen, as seen in the above organic acids, is 
many times more toxic than hydroxyl hydrogen, as seen in car- 

bolic acid. Since practically no H ions are formed in the 
phenol, the Na compound gives no marked change of the 
toxic-limit. 
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Art. XIX. — Explorations of the ^' Albatrosa''^ in the Pacific ; 

by Alexander Agassiz. 

III. 

[Lttter No. 3j dated Suva Harbor, Fiji Islands, December 1 1th. 1899, to Hon. 
George M. Bowers, U. S. Commissioner of Fish and Fisheries, Washington, D. C, 
by Alexander Agassiz] 

We left Papeete, November 15th, after coaling and refitting 
on our return from the Paumotus. Daring our trip to Suva 
we made a few soundings from Tahiti to Tonga, striking the 
northern extension of the deep basin Ijing to the eastward of 
Nine ; the depths ranged from 2472 to 2882, the bottom being 
red clay. This would indicate a greater extension westward of 
the zone over which the manganese-nodule bottom is known to 
extend. 

After leaving Nine we steamed for the deep hole of the 
Tonga-Kermadec Deep, about 75 miles to the eastward of 
Tonga-Tabu, and in 4173 fathoms made a haul with the Blake 
beam-trawl, bj far the deepest trawl haul yet made. The gear 
was carefully inspected, and strengthened as far as practicable 
by Captain Moser, and it was with considerable anxiety that 
we laid out 5000 fathoms of wire rope for our haul. Fortu- 
nately, everything went off successfully, and we landed the 
trawl safely back on deck. To my great surprise we found in 
the bag a number of large fragments of a silicious sponge 
belonging probably to the genus Crateromorpha, which had 
been obtained by the Challenger in the Western Pacific, but in 
depths less than 500 fathoms. We also brought up quite a 
large sample of the bottom ; it consisted of light brown vol- 
canic mud mixed with radiolarians. 

We decided to trawl at 4173 fathoms rather than wait for a 

possibly deeper sounding, as the conditions for work were 

admirable and we did not care to run any risk from a change 

of weather. After our haul we made a still deeper sounding 

in the proximity of the 4762-fathom sounding marked on the 

chart, and found 4540 fathoms, with the bottom of the same 

character as at the place where we trawled. We also took a 

couple of soundings in the line from Vavau to the southern 

extremity of the Lau Group in Fiji, but found, as we expected 

from the soundings given farther south, comparatively shoal 

water, viz ; 1381 fathoms. In the channel north of Yangasa, 

where we cross the Lau Plateau, between Yangasd and Mothe, 

We found 453 fathoms, with bottom composed of coral sand, 

pteropod ooze, and a few globigerinae. Between Namuka and 

YangasA we obtained 324 fathoms ; between Namuka and 
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Marambo, 600 fathoms; between itandKambara, 450 fathoms; 
and finally, about 15 miles west of Kambara, we sounded in 
990 fathoms. These soundings would indicate a continuous 
plateau of moderate depths from Wailangolala south upon 
which the islands of the Lau Group rise. 

On our way back to Papeete from the Paumotus we exam- 
ined the eastern coast of Tahiti, and from Papeete examined 
the western coast as far as Port Phaeton, at Tararoa Isthmus. 
We examined, in a general way, the Leeward Society Islands: 
Murea, Huaheine, Kaiatea, Tahaa, Bora-Bora, Motu Iti, and 
Maupiti. There are excellent charts of the Society Islands, so 
that it was comparatively simple to examine the typical points 
of the group and to gain an idea of their structure as far as it 
relates to coral reefs. The Society Islands are all volcanic 
islands edged with shore platforms, some of great width, upon 
which the barrier or the fringing reefs of the islands have 
grown. The structure of the reefs of the Society Islands is 
very similar to that of the Fiji reefs round volcanic islands. 
A comparison, for instance, of the charts of Kandavu, Viti 
Levu, Mbengha, Nairai, and of other volcanic islands in the 
Fijis, with those of the Society Group, will at once show their 
identity. Huge platforms of submarine denudation and ero- 
sion characterize both, with fringing and barrier reefs deter- 
mined by local conditions. Perhaps it is easier to follow the 
changes which have taken place in the Society Islands ; and 
such islands as Tahaa and Bora-Bora, where we anchored, as 
well as Maupiti, are admirable examples and epitomes of the 
structure and mode of formation of the coral reefs of that 
group. 

In Motu Iti and Tetuora the volcanic peaks have disappeared 
leaving nothing but a shallow platform, upon the outer edges 
of which sandy coral islets have been thrown up. There is, 
however, one point in which the barrier reefs oi the Society 
Islands differ from those of Fiji. The barrier reefs in Fiji are 
generally indicated merely by reef flats, upon which the sea 
breaks, and an occasional rocky islet or negro-head ; only rarely 
do we find sand keys upon the fringing reefs of the islands of 
Fiji. In the Society Islands, on the contrary, we find the line 
of the barrier reef usually well indicated by long lines of nar- 
row islets thrown upon the reef platforms, exactly as they are 
in the Paumotus. These islands and islets are usually well 
wooded, and thus give a very peculiar aspect to the barrier 
reef. In the case of Bora-Bora, Maupiti, and Aitutaki, for 
instance, we have a central volcanic peak of considerable 
height surrounded by a wide lagoon, the sea edge of which is 
formed by a fringe of wooded islets and islands forminga 
more than half-closed ring around the central island, which, in 



A, Agassiz^&plorations of the " Albatross.^^ 195 

ora-Bora and Maupiti, rise in slopes and nearly vertical walls, 
16 former to a height of nearly 2400 feet, the other to about 
100 feet. 

The only island of the Cook Group which we examined was 
Jtntaki, as Atiu is composed of elevated limestone, and Raro- 
)nga is volcanic ; I hoped we might find that atoll to be in 
art volcanic and in part composed of elevated coralliferous 
mestone; we found it to be volcanic, an island with the 
;ructure of Bora-Bora on a smaller scale. 

We anchored at Niue, an island composed of elevated coral- 
ferous limestone showing three well-marked terraces, the 
>west of not more than 5 to 10 feet and in many places disap- 
earing completely, the limestone cliffs rising vertically from 
16 sea well into the second or even the third terraces. The 
ertical faces of the clife are dotted with caverns and deeply 
idented by small canons extending at right angles to the face 
f the shore or forming blunt headlands separating short 
saches of coral sand beaches. 

The second terrace varies in height from 50 to 60 feet, the 
lird from 90 to 100 feet. The second terrace is deeply under- 
it ; and in the higher vertical cliffs extending into the third 
jrrace from the sea, the former positions of the terraces are 
snally indicated by lines of caverns. There are corals on 
le sea slopes of the first terrace, extending to 10 or 12 
ithoms, growing much as they are found at Makatea. 

From Niue we went to the Tongas, which we found a most 
iteresting group. The elevated Tertiary coralliferous lime- 
ones take here their greatest development, and are on a scale 
ir beyond that of their development in the Lau Group of the 
ijis, or the Paumotus. The first island of the Tongas we 
[sited, Eua, is perhaps the most interesting of the islands, 
>mpo8ed of Tertiary elevated coralliferous limestone I have 
isited. From Dana's account of it, evidently given at second 
and, 1 expected to find an island somewhat like Viti Levu on 
very much smaller scale. But as we steamed up to it from 
le east there could be no mistaking the magnificent face of 
early vertical limestone cliffs forming the whole eastern face 
f the island, and at points rising to over a thousand feet in 
leight. At all projecting points lines of terraces were plainly 
aarked: at the northern point three could be followed, and at 
he southern extremity five, with traces of a sixth perhaps. 

Upon rounding the southern extremity of the island we 
could see that the island was composed of two ridges, running 
north, separated by a deep valley, the western ridge being 
nmch lower than the eastern, not rising to a greater height 
tban a little over 500 feet. The western ridge is also composed 
of limestone, and at the headlands we could trace three ter- 
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races. There is a narrow shore platform along the western 
face, at many points of which there are blow-holes where the 
sea throws up spray to a considerable height, but these blow- 
holes are best seen off Cook Point, the southern extremity of 
Tonga-Tabu. 

As we steamed along the western face of Eua Island we 
could see the ridges of the eastern side rising above the crest 
of the lower ridge, its slopes indicating a valley of considerable 
size. We anchored at English Roads, opposite the outlet of 
the drainage of the interior basin, where a small river has cat 
its way through a depression in the shore terrace. On landing 
we followed the crest of the western ridge for a few miles ana 
could see the whole valley forming the basin of the island 
lying between the two ridges, at our feet ; the slopes leading 
to the bottom are quite gentle, and the valley dips very gradu- 
ally northward bacK of the outlet on the western shore. T^^oth- 
ing could show more clearly that such an island was not 
an elevated atoll, but a plateau which has been eroded and 
denuded for a long period of time by atmospheric and other 
agencies, and in which a deep basin-shaped valley with gentle 
slopes has been gouged out — a plateau similar to that of Tonga- 
Tabu Island and of Vavau, but of greater height and less 
extent. 

To the westward of the Tonga Islands is a line of volcanic 
islands extending nearly 200 miles, from Honga Hapai to 
Fanualai, some of which have been active very recently. 
Falcon Island disappeared in 1898, and Lette is still active. 
This line of volcanoes runs at a distance of from 15 to 20 
miles parallel with the trend of the four irregularly-shaped 
plateaux upon which rise the Tonga Islands. They are the 
summits of a great ridge, over 200 miles in length, sloping 
very gradually to the westward and being somewhat more 
steep to the eastward, into deep water, towards the smaller 
platforms from which rise the volcanic peaks of the group. 
The plateaux of Tonga-Tabu, N muka, Haapai, and Vavan, 
are separated by deep valleys connecting the eastern and 
western flanks of the ridge. These four plateaux rise abruptly 
from the 100-fathom line. The extremity of the southern one 
is occupied by Tonga-Tabu Island. The land behind the cliffs 
of its southern coast rises to a height of over 250 feet, and 
slopes northward very gradually to form the low land which 
occupies the northern coast of the island, and is, except at 
Mount Zion and Cook Hill, not more than from 10 to 20 feet 
above the level of the sea. At Cook Point and along the 
southern coast three terraces are indicated. The Dorthem 
coast is deeply indented by shallow bays, full of islands, reef 
flats, and reef patches, on which corals grow in great profusion. 
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In a distance of nearly 10 miles northward of Nuku-Alofa the 
plateau is nowhere more than 15 fathoms deep ; and a long 
tongne rons northward, gradually deepening into 20 to 50 
fathoms to the 100 fathom line. 

The Tonga-Tabu plateau is separated from the Namuka 
Group plateau by a funnel-shaped channel with a depth pass- 
ing rapidly into 300 fathoms from the 100-fathom line. The 
NamuKa plateau is rectangular. The principal island is Na- 
muka, where we anchored. We found the island to be com- 
posed of Tertiary elevated coralliferous limestone, with a 
shallow sink, filled with brackish water, occupying the south- 
eastern part of the island. The sink is separated by a high 
sand beach, about 200 yards wide, from the sea. 

Namuka Iki, the island next to ?}amuka, we found to con- 
sist, at its southern extremity, of stratified volcanic material, 
resembling somewhat the so-called soapstone of Fiji. I was 
told that other islands in this group, near Tonuraeia, in the 
center of the Namuka plateau, were volcanic. Mango, as we 
could see it from our anchorage, appeared to be volcanic. So 
that this part of the Tongas is, like the Lau Group in Fiji, 
made up of islands in part volcanic and in part composed of 
elevated coralliferous limestone. The eastern edge of the 
Namuka plateau (which we did not visit) is edged with small 
low islands. We merely steamed by the western islands of the 
Haapai Group, but close enough to see that Tongua, Kotu, and 
Fotuhaa, which are respectively 120, 120, and 200 feet high, 
are composed of elevated limestone. The eastern flank of the 
Haapai plateau is edged with long, low islands, with extensive 
coral reefs along the reef flats of these islands. 

The Haapai plateau is triangular, with isolated islands rising 
on the northwestern side from the deep water separating it 
from the Vavau plateau. It is separated from the Namuka 
plateau by a narrow channel with over 300 fathoms of water. 

The northernmost plateau of the broad ridge of the Tonga 
Islands is the Vavau plateau. This is elliptical, with a long 
tongue extending on the eastern face of the ridge toward the 
northern point of the Haapai plateau, ending in isolated banks 
(the Disney and Falcon banks), lying to the northward of the 
broad channel, with over 400 fathoms separating it from the 
Haapai Group. The Vavau Group is by far the most pictur- 
esque of the Tonga Islands. It consists of the principal island 
of Vavau, extending across the northern part of the Vavau 
plateau. Several parts of the island of Vavau, as at the 
entrance to the harbor of Neiafu, and at Neiafu, are finely 
terraced; four terraces are indicated there, and other flat-topped 
smaller islands show traces of two or three terraces. The 
northern edge of Vavau Island rises to a height of more than 
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500 feet, and elopes in a general way southward and inland. 
The southern shore is deeply indented by bays and sounds, 
and flanked by innumerable islands and islets, some of consider- 
able heiffht (150 to 250 feet) which gradually become smaller 
and smaller as they rise toward the southward and eastward, 
these islands having been formed from the denudation and 
erosion of the greater Vavau. They form tongues of land and 
sea and sounds of all shapes and sizes, showing the traces of 
the former land connections of the islands and islets, and their 
disintegration on the eastward and southward by the action of 
the sea. The islands and islets to the southward of the main 
island rise from more or less extensive reef flats which stud 
the whole plateau, and on which corals grow in great profusion 
(mainly Millepora, Porites, Pavonia, Pocillopora, Fungia, and 
Astrea), to a depth of 5 to 6 fathoms in the sounds. In the 
Namuka Group they extended in the more open waters to 14 
and 16 fathoms. 

It is evident that in the Tonga Group, which is a very 
extensive area of elevation, the recent corals have played no 
part in the formation of the masses of land and of toe plateau 
of the Tonga Ridge, and that here again, as in the Society 
Islands and the Cook Islands, both also in areas of elevation, 
they are a mere thin living shell or crust growing at their 
characteristic depths upon platforms which in the one case are 
volcanic, in the other calcareous, the formation of which has 
been independent of their growth. 

We expect to leave for the EUice, Gilbert, and Marshall 
Islands as soon as we can coal and refit. 
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.RT. XX. — On ^girite Granite from Miask^ Ural Mis, ; 

by L. V. PiRSSON. 

Some little time since, there was received in this laboratory 
small suite of rock specimens from Krantz in Bonn repre- 
iting the mica-nephelite syenite from Miask in the Urals, 
ig known as " miascite " from the locality. On account of a 
386ure of work in other directions, the sections from these 
sks have been only recently examined for classification and 
•angement. It was at once seen that one of them is an 
irite alkali granite, a rare and interesting type of rock. 
Alost of the specimens agree well with the descriptions of 
3 common types of this locality given by several authorities.* 
ley are light gray to white rocks spotted with glittering 
Lck plates of biotite often collected in stringy layers so that 
3 rock has a pronounced gneissoid character. Under the 
croscope the sections show a dark mica, probably biotite, 
:ali feldspars of various kinds, albite, microcline, raicro- 
rthite, cryptoperthite, etc., with nephelite, sodalite and can- 
nite. They frequently indicate that the gneissoid structure is 
londarily induced by dynamic pressures from the undulatory 
tinctions and broken character of the minerals. 
The specimen which is the occasion of this note is a light 
ored rock of much the texture and feeling of a rather firm 
idstone of medium grain ; it has a distinctly saccharoidal 
aracter. It does not possess the glittering black mica of the 
ler types but is spotted with small grains of a dull black 
To-magnesian mineral ; these, a millimeter or less in diam- 
5r, are not regularly sprinkled through the rock, but are 
thered in clusters or small areas, where they are closely 
)wded, while the intervening spaces are quite devoid of them 
i show only the light feldspathic grains. The actual amount 
this, the only dark component, is small compared with the 
artz and feldspar, and the rock is therefore distinctly leuco- 
itic in character. 

In thin section the minerals observed are apatite, zircon, 
jirite, albite, microcline, orthoclase and quartz. The apatite 
comparatively rare in small stout prisms ; the zircon is in 
inute well crystallized prisms and larger anhedra ; it is more 
tundant than apatite. 

Albite is rather abundant and well twinned according to the 
bite law, not according to the carlsbad. It is recognized by 
5 optical relations and measurements and by Becke's method 
I contacts with quartz. 

Microcline is seen in small fragments and in places the 
^striated alkali feldspar has transitions through areas of undu- 

*Ro8e, Reise nach dem Ural, vol. ii, p. 42, 1842 ; Mouchketov; Rosenbusch, 
us. Gest. 3d Aufl. p. 178, ls96; Zirkel, Lehrb. d. Petr., 1894. p. 415; Kar- 
asky, Guide VII Intern. Cong , No. V (Versant orieutale de I'Oural, 18in, p. 21). 
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latory or rolling extinction into those of undoubted microeline 
twinning. The inference is not far that this twinning has 
been produced by pressure, and the microeline is therefore not 
an original constituent but a paramorphic one. 

The SBgirite has the usual properties of this mineral and is 
present in distinct but not well crystallized grains. 

The quartz is recognized by its being a mineral of low 
refraction and birefringence, colorless, without cleavage and of 
positive uniaxial character. It occurs in two ways, in the 
formless irregular areas between other more automorphic con- 
stituents common to granitic rocks, and in clear round grains 
embedded in the feldspars and appearing like the corrosion 
quartz of the French petrographers. Everywhere the quartz 
snows optical strains and broken undulatory extinctions, indica- 
tive of its having been subjected to severe pressure ; its total 
amount in the rock is considerable. 

The structure indicates also that the rock has been under 
dynamic pressure in that the constituents appear broken, 
angular and with at times a distinct approach to the "mortar" 
structure. Aside from this the structure is nearest that of an 
aplitic granite. 

Classification, — From what has been said it is clear that the 
rock is an legirite granite or taking into account its sugar 
granular structure and relative paucity of dark minerals, per- 
haps better an segirite aplite. Its alkaline character points 
clearly to its being a differentiation product of acid oxyphyric, 
leucocratic character of the alkaline magmas at Miask, and it 
would seem probable that it is from a dike possibly of some 
size which has suffered from orogenetic movements. 

In the literature of the Miask area accessible* to the writer 
there is no mention of this type, and as it is a very interesting 
and important one in several ways, the author has thought 
well to call attention to it, and also with the hope that more 
may be learned of its geologic and genetic relations. 

Quartzose igneous rocks containing aegirite are known but 
are still rare. They are known chiefly in the tiner-grained and 
porphyritic textures such as the grorudites of the Christiania 
region, the Bearpaw Mts., Montana and in the rockallite of 
Rockall Island, and the granite porphyry of the Judith Mts. 
In alkaline granites the iron-bearing component is usaally a 
hornblende, such as riebeckite and aegirite I have been able i^ 
find mentioned but once in the literature by Broggerf in a 
granite near Drammen in South Norway. 

* Rose, Reise nach dem Ural. 1842, vol. ii: Guide des Kxcur., YII, CoDg. GeoL 
Inter., No. V, Karpinsky. Karpinsky mentions two or three others in Russian 
journals. 

f Spaltenverwerfungen Langesund-Skien, Nyt. Mag. for Naturvid, vol. xivii»» 
p. 40. 

Sheflfteld Laboratory of Mineralogy and Petrography. 

Yale University, New Haven, January, 1900. 
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Art. XXI. — Illinois Gulch Meteorite; by H, L. PrE3ton, 
[Read before tba Rochester Academy al Science, Jao. Z3d ] 

The IlliooiB Gulch eiderite was found in Illinois Gnlch, 
Deer Lodge Connty, Montana, in 1899, on tlie bed rock about 
four feet oelow the surface, by J. Parle while placer mining. 

Tlie niaes was somewhat ham-shaped, as will be seen by 
the following out. 



pn 



Illinoia Gulch Meteorite 



Its dimensionB are (iSxlOixlOo™"' in its greatest diameters. 
There are two mther large typical pittinj^s, one on either side, 
with numerons qnite small ones and three sharp angular ridges 
on the npper or necked surface. But little genuine crust is 
left, the bright silvery metallic iron being visible in small 
patches through the oxidized surface, over a portion of the 
mass. 

On certain portions of the mass, particularly .in the deeper 
fittings, there is quite a thick deposit of carbonate of lime, 
showing that it had lain for a long time in the position where 
fonnd. 

In slicing the mass into iive sections, the protosulphide of 
iron, troilite, was found only on one section, and on this in 
Terj small qaantities; the largest nodule being only fi""" in 
diameter, with numerous small fissures, from 1 to 5"™ in length, 
utending in various directions from it, that are tilled witli tlie 
Eame material. 

This nodule occurred in the lower center of the section. At 
'te extreme right, within 5""" of the edge of the section, 
Mcnrred another patch of small fissures, covering an area of 
ibontS™ in diameter, filled with troilite. 

■ due 10 the toot thai the photograph was takea 
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On etching the iron, no distinct figares of any character 
were brought out, but a surface of a dark gray groundinass 
was left tilled with bright silvery- white flakes, without any defi- 
nite form, or sharp line of contact, between them and the dark 
grey groundmass. 

Over the surface are scattered in single crystals, occasionally 
in groups, a very dark steel gray crystallization, from ^ to 1°° 
in length and i"""" or less m width, that are probably the 
phosphide of iron and nickel, rhabdite. 

The character of the etched surface of this iron is more 
nearly, lacking the supposed rhabdite crystals, like the Mor- 
rodal Norway siderite, than any other with which I am 
acquainted. 

This mass is in the possession of Ward's Natural Science 
Establishment, and when received by them weighed 2,435 
grams, but at that time a fragment weighing possibly fifteen 
grams had been chiseled off the end of the narrow neck. 

An analysis of this siderite by Mariner and Hoskins, of 
Chicago, gave 

Fe 92-51 

Ni 6-70 

Co -16 

Si trace 

p. -62 

C -01 



100-00 
Specific gravity 7-7. 

This meteorite will be designated the "Illinois Gulch" 
meteorite. Deer Lodge County, Montana. 
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AlRT. XXII. — The Silurian- Devonian boundary in North 
America. I. The Chapman Sandstone fauna ; by Henry 
S. Williams. 

Thk identiiication of the Chapman sandstone faana of Aroos- 
took County, Maine, with the typical Ludlow "Tilestone" 
fauna of Murchison, furnishes important new evidence bear- 
ing upon the question of the exact boundary between the 
Silarian and Devonian systems in North America. Before the 
identity was recognized by the author, the general position of 
the fauna, in relation to the change in sedimentation from 
limestone to the sandstones of the Gaspe peninsula, was seen 
to give probability of the presence of an uppermost Silurian 
fauna in this part of the continent. A discussion of this sub- 
ject was arranged to take place at the summer meeting of the 
Geological Society in 1899, when Mr. Schuchert proposed to 
present arguments for inclusion of Lower Helderberg faunas 
m the Devonian. The absence of Mr. Schuchert led to the 

g>stponement of the discussion to the winter meeting in 
ecember, 1899. At that meeting, I briefly referred to the 
facts here given, but did not discuss the paleontological evi- 
dence upon which the identification was based. In the present 
article it is proposed to state briefly the paleontological reasons 
for believing the Chapman sandstone fauna to be the American 
equivalent of the " Tilestone " fauna of Wales, leaving the full 
description and illustration of the fauna for a future work. 

The accurate determination of boundary planes between 
geological systems on diflEerent continents is of greater import- 
ance than local geologists are wont to appreciate. As in the 
case of current money, the crucial test of a geological classiti- 
cation is most deeply felt when attempt is made to pass it in a 
foreign country. All the geological system boundary-planes 
were first determined outside America; and, following the 
rule of historical precedent, such standard planes must form 
the basis of comparison for all local standards set up in 
America. For our own uses alone it is not important that our 
systems should accurately correspond at their -limits with the 
same systems of Britain and Europe. They differ more or 
less in their fossil contents; and a general agreement in 
boundaries, adjusting them to the peculiarities of our forma- 
tions, is sufficient for the mapping and discussion or our local 
geological problems. 

When, however, the history of organisms is under discus- 
sion, it becomes essential to correlate with accuracy the chief 
time boundaries for all continents ; and for this purpose a few 



204 H. S. Williams — Silurian-Devonian boundary 

datum planes must be established, whose exact correlation, 
with the standard section in the country where the time 
boundary in each case was first defined, is known with pre- 
cision. Such boundaries, it is granted, were purely arbitrary 
in the first place; but once established they become, like 
Greenwich or the Christian era, standards for all future scien- 
tific uses. 

The fact is well known to paleontologists that the faunas of 
formations of the same geological age often differ widely in 
their species in separate regions of the same continent. And 
the faunas now living on the west and east coasts of America, 
under like conditions of temperature and environmental con- 
ditions, contain very few identical species. Even in the same 
sea (as the fauna off Florida and that off New England), 
modern faunas differ as greatly as two contiguous faunas of 
the geological column. These facts make it essential for the 
student of evolution to distinguish between modifications of a 
fauna which are (a) coordinate with the change of place (geo- 
graphical distribution), and those (J) coordinate with passage of 
time (geological range). It is for such reasons that I have 
been led to consider the determination of geological boundaries 
as worthy of exhaustive and painstaking investigation. 

Such methods of precision were applied in the determination 
of the American equivalent of the Cuboides zone.* And, as 
a secondary result of that study the origin of the Neodevonian 
faunas of New York State was traced to a northwestern source, 
while the Mesodevonian faunas were found to be more closely 
related to southern faunas (recognized in Brazil, South America) 
and not identical with the common Mesodevonian fauna of 
Europe. 

Although a well-marked biological boundary between the 
Devonian and Carboniferous of North America is found, 
where Spirifer disjunctus is replaced hy Spirifer marionensis^ 
and Syrmgothyris first appears, the corresponding boundary in 
standard European sections is so indistinct that 1 do not have 
confidence that this boundary as drawn in America will agree 
precisely w^ith the European standard. 

The discussion of the Hercynian problem has resulted in 
the placing, by several of the best continental European pale- 
ontologists, of the Silurian-Devonian boundary below the 
Hercynian fauna. Kayser,t followed by others, has adopted 
the opinion that the American equivalent of the Hercynian 
fauna is to be found in the Lower Helderberg. 

* The Cuboides Zone and its FauDa : a diecussion of Methods of Correlation. 
Bull. Geol. Soc. Amcr., vol. x, pp. 481-501, pi. xi-xiii. 1890. 

f Die Fauna der ail^sten Devon-Ablajferungou der Harzes. Abhand. geol. 
special Karte, Preussen, etc. Band ii, heft 4, pp. 284-285, 1878. 
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Dr. J. B. Clark and Mr. Schuchert* have attempted to 
prove, on paleontologieal grounds, that the Lower Ilelderberg 
fauna has a Devonian " aspect," and, trusting to their theories, 
have proposed to classify the formations containing the typical 
Lower Helderberg faunas in the Devonian system.f 

When Professor Kaysei^'s paper first appeared I was struck 
with the force of his paleontologieal argument for classifying 
the Lower Helderberg and Hercynian faunas together ; but I 
was not then satisfied with the proof of the Devonian age of 
all the faunas so classified. When Dr. Barrois' paper, on the 
Erbray faunas appeared,:}: it was gratifying to find confirma- 
tion of this opinion. 

Dr. Freck's papers§ were also emphatic in claiming a 
Devonian age for the Hercynian, and the combined evidence 
of these gentlemen (and others taking part in the discussion), 
pointed very strongly to the conclusion that we must drop our 
Silurian-Devonian boundary below the main part of the Lower 
Helderberg, if we would adopt European (continental) usage. 

The similarity of the Gaspe section to the typical Welsh 
sections of the Silurian system, running up to the base of the 
Old Red sandstone, gave me hopes that a study of the sections 
in northern Maine might reveal some faunas representing the 
upper part of the Silurian more closely than do the faunas of 
]New York. As the fossils of Maine were studied, a transi- 
tion fauna was found which throws considerable light upon the 
exact position of the boundary plane between the two systems, 
Silurian and Devonian, in our iNorth American rocks. 

The fauna referred to was" first discovered by Olof O. Nv- 
lander, in the town of Chapman, Aroostook County, Maine, in 
a sandstone, called Chapman sandstone, in a report on the geol- 
ogy of Maine recently made to the U. S. Geological Survey 
[which will appear as Bulletin No. 165]. The fauna is being 
described and figured, but a preliminary examination of it has 
revealed its close correlation with the Ludlow Tilestone fauna 
of Murchison, and still more closely with the Upper Arisaig 
fauna, D of Honeyman's section, which was "unhesitatingly 
referred to the Ludlow Tilestone" by Salter, in 1862. || 

This Chapman sandstone fauna is the latest marine paleozoic 
fauna so far I'ecognized in Maine, unless the Moose River 
fauna with Oriskany species be a little later. It is contained 

* The nomenclature of the New York series of Geological formations, Science, 
N. S, vol. X, pp. 874-878, Dec. 16, 1899. 

f Siee paper read at the Greol. Soc America. Wasliington, December, 1899. 

t Fauna da Calcaire D'Erbray, by Charles Barrois, Mem. de la Soc. g^ologique 
du Nord, tome iii, April, 1889. 

§ Ueber das rheinische Unterdevon und die Stellung des " Hercyn," by Fritz 
Freck; Zeittchr. d. Deulsch. geolog. Gesellscbaft ; Jahrg. 1889, pp. 175-287, etc. 

I Quart. Jour. Geol. Soc., xx, p. 334, 1864. 
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in a massive brown sandstone and argillaceous layers stratified 
therewith. Its comparison with other faunas links it with the 
so-called Oriskany of the Moose River region further west, 
and also with the early beds of the Gasp6 sandstone further 
east. For this general region it is a representative of the tran- 
sition zone from calcareous formations, which are unmistakably 
Lower Helderberg in age, up to coarse gray arid red sandstones 
containing Devonian plants, reported to be seven thousand feet 
thick on the Gaspe peninsula and to represent the Old Red 
sandstone phase of the Devonian system. 

The fauna contains some twenty-live or thirty good species, 
a few of which can be identified with species of the Tilestone 
and Upper Arisaig faunas already described. A few Gaspe 
species described by Billings are closely approached ; but, as a 
fauna, the resemblance to the typical Tilestone species of 
Murchison's Silurian system is most striking and suggestive. 

The faunas, as reported in my preliminary list, are as follows, 
viz: 

Fauna of 1090 A, south branch of Presque Isle stream in 
Chapman township, Aroostook Co., Me. 

Rensselseria (Beachia) n. sp., cf. B. suessana. 

Holopea cf. Danai. 

Loxonema cf. planogyrata. 

Pleurodictyum sp. 

Spirifer gaspensis. 

OrthoDOta n. sp. (cf. undnlata). 

Palaeoneilo cf. constricta. 

P. cf. plana. 

P. cf. maxima. 

P. 5 or 6 new species. 

Sanguinolites n. sp. (cf. clavulus). 

Leiopteria, six species. 

Pterinea rectangalaris (cf. flabellum). 

P. (three species). 

Cf. Glyptodesma sp. 

Cypricardella cf. ^regarius. 

Nucula (n. sp.). 

Beyrichia tuberculata Kloden. 

Psilophyton princeps. 

Stem large plant. 

The second f aupa, 1090 C, is from Edmund's Hill, in the northern 
part of the same township : 

Rensselderia (Beachia) n. sp. cf. suessana. 
Spirifer arrectus, cf . *' cyctopterus " Billings. 
S. cf. concinnus. 

Homalonotus cf. Yanuxemi. 
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Cbonetes Nova-Scotica Hall (cf. sarcioalatas var. plana 

Schnur). 
Cbonetes canadensis Bill (cf. Leptsena lata Sow.). 
Belleropbon, two species. 
Holopea sp. 
Several gastropods. 
Avicala cf. textilis. 

Lamellibrancbs, several genera and species. 
Ortboceras, a fragment 
Tentaculites. 

Beyricbia tuberculata Kloden. 
Plant fragments. 

Loose specimens, picked np in various places in tbe county, 
bave furnisbed in adaition to tbe above : 

Sp. raricostus Bill. 
Avicula cf. secnriformis. 

The significance of the correlation of this Chapman sand- 
stone with the Tilestone of Murchison, is found in the fact 
that the Tilestone contains the topmost fauna of the original 
Silurian system of Murchison, This fauna was described by 
Sowerby in the "Silurian System" (1839), and afterwards the 
Tilestone was placed by Murchison himself in the Silurian 
(" Siluria," 1854^. This change was brought about by the 
recognition, by Murchison, that paleontological evidence is of 
greater importance in the determination of the age of rocks 
than petrographical evidence. By the study of " Silurian 
System," it is perfectly evident that the Silurian system was 
intended by Murchison to include all the fossiliferous forma- 
tions lying below the Old Red sandstone. We find this indi- 
cated clearly on pages 3 and 4, and still more clearly expressed 
on page 7 of the Introduction of "The Silurian System," 
where are found the following words (referring to the name 
Silurian) : " The term was no sooner proposed than sanctioned 
by geologists, both at home and abroad, as involving no theory, 
and as sinnply expressing the fact, that in the ' Silurian region ' 
a complete succession of fossiliferous strata is interpolated 
between the Old Red Sandstone and the oldest slaty roclis^'* 
We find that the reason for including the Tilestones in the Old 
Red was the fact that the soil weathered out reddish in the 
same way as the Old Red sandstone did where it was typically 
represented. These Tilestones, however, were not always red 
in themselves; but, on passing below, the typical Upper Lud- 
low weathered gray. This seems to have been the prime 
reason in the mind of Murchison for classing the Tilestones 
with the Old Red. When, however, the first edition of 
**Siluria" was written, the fact that the species of this fauna 
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were marine and not freshwater types, and that some of them 
were identical with species in the formation below (which he 
called Silnrian), led Mnrchison to call this Tilestone the top 
member of the Silurian instead of the bottom of the Old Red. 
In " Siluria " appears a concise description of the transition 
from the Ludlow rocks into the Old Red sandstone, as seen in 
Carmarthenshire and Pembrokeshire: "In all these places, 
strata of dull greenish-gray argillaceous sandstone, minutely 
micaceous, differing chiefly from the type of the Ludlow of 
Shropshire in being harder and thicker bedded, and which 
repose on rocks witli Upper Silurian fossils, plunge under red 
and green strata (the red rab of Pembroke), or bottom beds of 
the Old Red sandstone" (p. 141^. 

The typical localities, from wnich the Tilestone fossils came, 
are Felindre on the Teme and Horeb Chapel, in the valley of 
Cwm Dwr, between Trecastle and Llandovery near Own Dwr. 
In the *' Silurian System," the passage beds near Felindre are 
described as " hard, greenish, and reddish, highly micaceous 
sandstone, which contain the Leptaena lata and the Terebratula 
nucula of the Ludlow rock, together with casts of several 
shells, identical with those found in the tilestones of the Cwm 
Dwr, Caermarthenshire, and which have never been found in 
the Silurian System below its junction with the Old Red 
Sandstone" (p. 191). 

The reason for placing the base of the Old Red sandstone 
above these tilestones is stated in the following passage in the 
'* Siluria" : "Even then, however, the fossils which were fig- 
ured as characteristic of such tilestones exhibited little else, as 
I showed, than species common to the Ludlow rock itself. 
This zoological fact, and subsequent researches in other parts 
of England, above all those of Professor Sedgwick in West- 
moreland, where the Upper Ludlow strata are much developed, 
have, for eleven years, led me to classify these tilestones with 
the Silurian rocks, of which they form the natural summit 
For, even in their range from Shropshire through Hereford 
and Radnorshire, into Brecon and Carmarthenshire, whether 
they are of red or yellow colors, they are charged with Oriho- 
ceras hdlatum, Chonetes {Leptoena) lata, Spirifer elet^tus^ 
Orthis limaia, Rhyncon^lla nucula^ CucuUeUa ovata^ Bellero- 
phon irilohatus^ B. expansus^ Trochua helicites^ HolopeUa 
{Turritella) obsoleta^ and the minute bivalved crustacean, Bey- 
richia tuherculata. All of these are the most common fossils 
of the Upper Ludlow rock ; although a few of them descend 
as low as the Caradoc sandstone " (p. 139). 

From these quotations it is evident that the Tilestone was 
regarded by Murchison as the upper member of the Silurian 
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system, as he defined it in 1854 and as it occurred in his typ- 
ical sections. 

My attention was first attracted to the possible equivalency 
of the Chapman sandstone and Tilestone of Murchison, (= 
Downton sandstone and Ledbury shale), by noting that Leptosna 
laia^ of the list in the " Silurian System " is a true Chonetes, 
and closely resembles some of the specimens from Chapman. 
On studying up the definitions and synonymy of the species, it 
became evident that Davidson, who identified Leptcena lata 
von Buch with Chonetes Ht/riateUa Dalman, in doing so, was 
following DeKoninck. In quoting synonymy, however, he 
excludes Sowerby's fig. 13, of plate 5, which, as figured, pre- 
sents the flatness characteristic of the species occurring in the 
Chapman sandstone. 

Tne Chonetes (No. M 248), of the Chapman sandstone, agree 
with Hall's C.novascotica* in size and form, and from descrip- 
tions, I judge that the small specimens referred to C. canadensis 
by Billing8,f having the proportions of C. melonica are identi- 
cal with Hall's species C. nova scotica. There is also a speci- 
men (No. M250) (I originally referred it to Orthothetes, the 
hinge and beak being absent) which upon examination I find 
presents the typical characters of Chonetes Canadensis Bill, so 
far as they are visible. Dawson states that '* the new species 
Chonetes nova-scotica is very characteristic of the upper mem- 
ber" [of the Arisaig section]. :(: Hall compared the species 
with " C. cornuta of the Clinton group of New York,"§ but 
the Clinton species is much smaller than even the smallest 
specimens in tne Chapman sandstone. Billings, in describing 
the Chonetes of the Gaspe series, calls his more gibbous form 
Chonetes melonica ; and he compares this with C, striatella of 
Dalman, but finds it distinct (p. 16). Chonetes canadensis 
Billings, diflEers from the description of C. melonica in being 
nearly flat. Billings remarks, however, " Small specimens m 
this species [C. canadensis] have nearly the proportion of C. 
fnelonica^ but are always nearly fiat^ while tliose of the tatter 
are always m,ore convex^^ (p. 18).t From a study of the 
descriptions, it is evident that these " small specimens," referred 
by Billings to his species C. canadensis^ are identical with the 
form described by Hall as C. nova-scotica — thus linking 
together the Chonetes of the transition beds of the Gaspe sec- 
tion, formation D of the Upper Arisaig of Nova Scotia, and 
the Chapman sandstone. 

Although I find no description of the specimens referred by 
Sowerby to the species Leptcdna lata von Buch, the figure so 

♦ Canadian Nat, and Geol., v, 144, fig. 2. f Palaeozoic Fossils, vol. ii, pt. i, p. 18. 
X Can. Nat. and Geol, v, 137. § Can. Nat. and Geol., v, 146. 

Am. Jour. Sci.— Fourth Series, Vol IX, No. 51. — March, 1900. 
15 
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labelled on plate 5 certainly appears as if nearly flat. Even 
were this not the case (which an examination of the type speci- 
mens would demonstrate), the fact that we have in the Gaspe 
series both fully gibbous and flat forms, which closely resemble 
each other in other respects, gives reason for supposing that 
the British form is at least represented by these Gaspe and 
Maine species. 

In Hall's description of the Arisaig specimens of Ckonete% 
nova-scoiica^ it is stated, " A stronger and more elevated stria 
often marks the median line from beak to base of the ventral 
valve."* This feature is seen on several of the specimens of 
the Chapman sandstone, and, curiously, it is not always the 
central plication. In one case several plications, a little out of 
the center, are thus enlarged. Such a trick of variation would 
seem, distinctly, to indicate close phylogenetic relationship. 

In the Oriskany of Albany and Schoharie Counties, in New 
York, a form (61 complanatus) quite as large as Billings' C, 
canadensis^ is described by Hall. The larger forms are all 
from the Gasp6, Maine and Oriskany faunas at the summit of 
the Silurian. Lepta&na lata^ which is figured as larger than 
the ordinary types of Chonetes, is said to be ^'^ one of the most 
characteristic shells of the Upper Ludlow " (Sil. Syst., p. 603). 

The Better ophons furnish a second set of diagnostic species. 
In the original list of the Tilestone fauna, four species of 
Bellerophon are named, viz : 

Bdlerophon carinatus. 
B. stria tus, 

B. trilohatus, 

B, glohatus, 

Bellerophon trilohatus is said to be a characteristic form of 
the Tilestone (Sil. Syst., p. 141). This species is represented 
in both the Chapman sandstone and formation D of Arisaig. 
In " Siluria," it is stated that B, expansus, "i?. MurchisoncR^ 
B, carinatus^ and B, trilohatus^ generally of small size, are 
most abundant everywhere in the upper beds of the Ludlow 
rock" (p. 281). Bellerophon carinatus and B. trilohatus sre 
both represented in the Chapman ; and Honeyman reports all 
four species from the Upper Arisaig, Zone D (Q. J. G. S., vol. 
XX, p. 343\ 

A third diagnostic form is called " Agnostus tuhercvlatm 
{Battus tuherculatus Kloden) " by Sowerby in 1839 (Silurian 
System, p. 604, plate 3, fig. 17). This is Beyrwhia tuhercxdata 
Kloden. Several specimens of this species, or a very closely 
related form, are recognized in the Chapman fauna. Hall 

* Descriptions of New Species of Fossils from the Silurian Rocks of Nova Scotia, 
by James Hall. Can. Nat. and Geol., vol. v, p. 145. 
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described, under the name JBeyrichia pustuLoaa^ a species from 
the Zone D of Arisaig, of which he says, "This species 
resembles very nearly the B, tuherculata of Kloden, as 
described and figured by Mr. T. Rupert Jones."* Of this 
form, Mnrchison writes, in "Silnria," as follows, viz: ''Of the 
latter genus, the Upper Silurian species is £. tuierculata. It 
is very abundant from the Wenlock shale to the highest Lud- 
low stratum, and is a good index of Upper Silurian rocks, 
though found sometimes in the upper division of the Caradoc" 
(p. 236). 

In addition to these characteristic species of the Tilestone 
fauna in the Maine and Arisaig rocks, a majority of the forms 
described in Sowerby's original list of that fauna are repre- 
sented by the same, or closely allied forms, in both the Chap- 
man sandstone and Zone D (Honeyman), Arisaig; as will 
appear from the following table, viz : 

• 

. List of representative species of the Tilestone fauna in the Chapman sand- 
stone, Maine ; and Zone D, Arisaig, Nova Scotia. 



Tilestone. Chapman sandstone, 

1. Cypricardia cymbieformis Goniophora cf. Hamil- 

toniae 

Cjrpricardella cf. gre- 

garius 
' Palseoueilo cf. cuneatus 
P. cf. conceniricus 

P. cf. elongatus 

P. cf. nuculiformis 

P. cf. subovatus 

and others. 



2. Pullastra laevis 



3. CucuUasa anciqua 

4. C. ovata 

6. C. cawdori 



€. Area ? 

7. Avicula rectang^laris 

8. Lepteena lata 



9. Spirifer ptychodes 
(= S. elevata Dalman) 

10. Orthis lunata 

11. Terebratula nucula 

(= Rbynchoneila) 

12. Lingula cornea 

13. Xatica glaucinoides 

14. Trochus helicites 

15. Turbo Williamsi 

16. Turriteila obsoleta 



I 
I 



Pterinea rectangularis 
Choneies nova scotica 
C. canadensis 

Sp. arrectus var. 
Sp. concinnus 
Sp. cyclopterus Bill. 
Sp. raricosta Bill. 
? 
not seen 



17, T. 

18. T. 



gregana 
conica 



not seen 
? 
Pleiirotomaria sp. 
(M 227) 
Holopeacf. Danai 
? 

Loxonema cf. planogyrata 



Zone Z>, Arisaig. 

C. cymbaeformis, cf. Nu- 
culites (Orthonota) 
carinata Hall 

not reported 
Gleidopborus cuneatus 
C. concentricus 

C. erectus 

0. elongatus 

C. semiradiatus 

C. nuculiformis 

G. subovatus 

? 
?cf. Avicula Honeymani 
C. nova-scotica H. 
0. tenuistriata 

Sp. regsecosta 
Sp. subsulcatus 



Rhynchonella (3 spe- 
cies) 
Lingula sp. 

9 

« 

? 



Murchisonia Arisai- 
gensis 
? 
M. aciculata 



* See Jones' identification of this species in the Arisaig rocks m Q. J. G. S., 
xxTi, p. 492, 
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Tilestone. Chapman sandstone. Zone D^ Arisaig. 

19. Orthoceras semipartitum ' 

20. 0. ? 

21. 0. striatum 



22. 0. tracbeale 



0. punctostriatnm 

A o:««i« *«,,,«,««f J ^- nummulara Sow. 

A single fragment ^ q^ -^^^ g^^^ 



0. ezornatum 



23. Bellerophon carinatus B. carinatus B. carinatus 

24. B. striatus ? B. striatus 

25. B. trilobatus B. trilobatus B. trilobatus 

26. B. globatus ? B. globatus 

27. Tentaculites scalaris ? B. cf. elongatus T. distans. 

28. Battus tuberculatus Beyricbia tuberculata j B. pustulosa Hall 

} B. equUatera 

In addition to the above, Homalonoius Knightii Konig is 
reported from the Upper Ludlow, and also from Zone D, 
Arisaig ; and an undetermined representative of the same 
genus appears among the Chapman specimens. 

ThiB presence of plants is further significant. In the Chap- 
man sandstone a specimen of Psilophyton^ which is probably P. 
prhwepsy appears in the midst of the marine fossils, giving 
evidence of proximity of land, and also of the transition con- 
dition leading up to the Old Red sandstone type of Devonian. 
" Psilophyton (?)" is also reported from the Upper Arisaig,* 
and it is the " Tilestone " of Wales (= Upper Ludlow and 
Downton sandstone), in which the earliest known traces of 
land plants appear in the Welsh succession.f 

The above evidence leads directly to the conclusion that the 
fauna of the Chapman sandstone oi Maine is the equivalent of 
the Tilestone fauna of Wales and of the uppermost Arisaig 
fauna of Nova Scotia. The latter has already been authentic- 
ally identified with the " Ludlow Tilestone " by Salter, and 
the general fauna of the Upper Arisaig has been identified with 
the Lower Helderberg by all those who have studied the spe- 
cies. 

The Nictaux iron-ore fossils indicate a somewhat younger 
fauna, which has been recognized by Dawson and other 
paleontologists as approximately equivalent to the Oriskany 
sandstone of the New York section. 

In the Gasp6 series the place of transition from the Grasp6 
limestones to the sandstones is very near to the horizon of the 
Oriskany sandstone further west. The stratigraphic and 
petrographic evidence in the Maine series points to the 
equivalency of the Chapman sandstone with the base of 
the Gasp6 sandstone. The particular fauna of the Chap- 
man sandstone is not known, at present, in the Gasp^ series. 
But if this correlation with the Ga8p6 series be correct, 
the relations of the several known faunas of the Maine 

* Ami. Catalogue of Silurian Fossils from Arisaig, Nova Scotia, Nova Scotia 
Inst. Sci., Ser. 2, vol i, p. 185 (1892). 
f H. B. Woodward, The Geology of England and Wales, pp. 104, 105 (1887). 
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series are in complete harmony with the known succession of 
the Gasp^ faunas, and with such an interpretation. In that 
case, the Square Lake fauna of Maine would be equivalent to 
the fauna of the upper limestones in the Gaspd limestone 
series, and thus correspond with the known sequence of faunas 
in the Arisaig series. 

Reviewing the whole evidence, the Chapman fauna must be 
regarded as the equivalent of the topmost fauna of the typical 
Welch Silurian system {^^ Upper Ludlow, Tilestone of Mur- 
chison, or Downton, and Ledbury formations of later authors). 
This places the Silurian-Devonian boundary for North America 
at the place where it was determined to be by deVerneuil in 
1847,^ classifying the Lower Helderberg formation in the 
Silurian system. The special Cliapman fauna, I am at present 
inclined to think, is equivalent to the Lower Oriskany fauna, 
as recognized at Becrafts, and farther south in Virginia and 
Tennessee; but, however the precise correlation with the 
faunas of interior America may be settled, the place of the 
Chapman fauna above the general Lower Helderberg fauna is 
well established by the Gasp6 and Arisaig sections. 

New Haven, Conn., December, 1899. 

* Note sur le parall^lisme des Depots Pal^ozoiques de TAm^iique septentri- 
onale avec ceux de I'Europe. Bull, Soc. Geol, de France, 2d ser , t. iv. 
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SCIENTIFIC INTELLIGENCE. 

I. Physics. 

1. Observations from the Astrophy steal Observatory connected 
with the Smithsonian Institution at Washington ; by C. G. Abbot, 
Aid in charge.* 

(1) On the dispersion of rock salt — ^This subject has been 
investigated by several observers, first by Langley at Allegheny 
about 1886, and since then by Julius, Paschen, Rubens and 
Snow, and others. The object of making a further study of it 
was to very materially increase the accuracy of determination in 
the infra-red portion of the spectrum, with the hope of establish- 
ing the wave-lengths of the infra-red solar absorption lines 
discovered at this Observatory to a degree of accuracy corre- 
sponding with the accuracy of our knowledge of their minimum 
deviations in the spectrum of our great salt prism. There 
appeared to be strong grounds for hope of succeeding in this 
endeavor, in the consideration of the extraordinary facilities of 
the Observatory for such a research. Accordingly, the appa- 
ratus was made ready in July and August of 1898, and was 
actually tried in the latter part of August. Active work was, 
however, deferred until the latter part of December, and was 
done chiefly in January and February of 1899. While the 
method and results will be fully described in the forthcoming 
publication, a brief statement will be appropriate here. 

The radiations of the sun were used as the source of energy 
up to a wave-length of 4/i., but from this point to 6.5fi (where the 
research was stopped, partly because the grating used was no 
longer applicable, and partly because further progress was of no 
particular interest) the radiations of an iron-gauze mantle heated 
in a Kitson lamp (burning vaporized petroleum) were employed. 
The radiations, from whichever source, fell first upon a slit 10 
centimeters high, then upon a concave diffraction grating, and 
then upon the slit of the spectro-bolometer, which remained 
practically as used in taking solar holographs. The grating 
apparatus being mounted according to Rowland's well-known 
device, radiations whose wave-lengths were multiples of each 
other fell upon the slit of the spectro-bolometer, and passed 
through to have their prismatic deviations determined. For 
instance, if the apparatus was adjusted so that the well-marked 
line of wave-length 0.56 16/x in the fourth-order spectrum was 
found by visual observation falling at the center of the slit, then 
it would be certain that the radiations of the following multiples 
of this wave-length also fell there : 4/3, 4/2, and 4/1. The two 
latter would be well within the infra-red. 

Suppose, now, the driving clock of the spectro-bolographic 
apparatus to be started, and a curve automatically produced just 

*From the Report of Professor S. P. Langley, meotioned on p. 233. 
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as a holograph would he. The form of this curve would he a 
straight line only hroken hy the minute accidential deflection of 
the galvanometer, except where the narrow hands of radiation at 
the ahove wave-lengths caused narrow, steep -sided elevations. 
If we suppose, still further, that either before or after this curve 
was made the direct sunlight was reflected upon the slit of the 
spectro-bolometer for several minutes, then a well-known portion 
of the solar spectrum energy curve would appear in its proper 
relative position on the same plate, and the positions of all the 
sharp elevations corresponding to known wave-lengths could 
readily be measured on the comparator with reference to deter- 
mined solar absorption lines of the short holographs. Thus the 
wave-lengths at as many points as desired could be determined 
without any circle readings whatever. 

Practically, this process (somewhat altered in details) was 
gone through with for 38 positions between wave-lengths 0.76fi 
and 6.5/a; and not only once, but several times, with all the care 
for accuracy which could be taken. As a result, it may be said 
that the wave-lengths of the absorption lines in the infra-red 
solar spectrum discovered at this observatory can be told with 
an accuracy of about 3 parts in 10,000, while previous to this 
determination 1 part in 100 would have been all that could be 
claimed. 

(2) Distribution of energy from terrestrial sources, — A number 
of energy curves were taken, in which the Kitson lamp, provided 
with mantles of various kinds, was the source. Among the 
mantles tried were the ordinary Welsbach (which consists of 
impure thorium oxide) and others composed of pure thorium 
oxide, iron oxide, uranium oxide, etc. The distribution of energy 
between different wave-lengths with these sources so different in 
illuminating power, is much less diversified than would be sup- 
posed, and goes strongly to show the wastefulness even of the 
Welsbach light as a source of illumination. For the invisible infra- 
red in all cases includes by far the major portion of the energy, and 
not the visible spectrum, as is the case with the sun and still more 
with phosphorescent substances. However, by the employment 
of a second spectroscope, or "sifting train," to exclude the stray 
infra-red radiations, we were able to determine the distribution 
of the relatively small amount of energy in the visible spectra of 
the various sources, and to show how tar the ordinary Welsbach 
mantle outstripped them all for light, especially in the red, 
orange, and yellow. In these experiments a very considerable 
number (at least fifty) of absorption bands were discovered at 
wave-lengths beyond 4/x, which were most probably due to the 
gases given off by the lamp in burning, and perhaps solely to 
carbon dioxide. 

(3) Absorption in the solar spectrum, — All the holographic 
records, extending back to 1893, were carefully examined with 
regard to the changes in absorption noted in last year's report, 
and such changes were found to be more extensive and frequent 



216 Scientific Intelligence, 

than had been supposed. The great decreases in absorption at ^ 
and n were found to occur every spring, and to a lesser extent 
every fall ; but were occasionally found in the winter also, but 
never in the summer. Such changes were found sometimes to 
go through their whole cycle in a week, and the absorption here 
is found to largely increase with declining sun. 

The effect of water to absorb in this region was studied. 
Narrow cells of glass, whose absorption was known, were filled 
with water and placed in the path of the beam in taking 
holographs of the solar spectrum. It was thus shown that 
" liquid " water absorbs most strongly at the particular regions 
where these annual variations are noticed. A fraction of a 
millimeter thickness of water was found enough to produce a 
great effect beyond the wavelength 1.2/a, and 2 millimeters 
thickness produced almost complete absorption of the solar rays 
beyond 1.2/1. 

(4) ConataiHs of prisms. — In the course of the reduction of 
measures on holographs the exact index of refraction at the A 
line for the salt and fluorite prisms was required. Several 
measurements of these quantities made at different times fail- 
ing of satisfactory agreement, several interesting things came 
out in finding the sources of error. 

Rock salt prisms have not constant angles. It was shown that 
with a rising temperature the faces of the prism, if at first flat, 
became convex, and all three angles of the prism increase, unless 
they be determined at the centers of the faces. After the 
discovery of the very appreciable value of this change with our 
great prisms, it was at once found that their faces, when polished 
flat, are considerably concave alter coming to their constant 
temperature. This is because of the surface heating caused by 
the friction of the polisher. It is now the practice to leave the 
faces polished very slightly convex, to allow for this temperature 
change. 

Effect of this on the accuracy of holographs and on the 
determination of prism angles. — After a very considerable 
amount of analytical investigation it was shown that such 
concavity of prism faces as^ was present when the holographs 
were taken need introduce no error of appreciable magnitude in 
the relative deviations of the holographs, provided the angle of 
the prism was determined to within 10 seconds of arc at a point 
a little nearer the back of the prism than the center of the faces, 
and this was done in practice. However, in determining absolute 
quantities like the index of refraction at A, it was found neces- 
sary to be far more particular. 

(5) MeasurHment of refractive iftdices at A. — Diaphragms just 
wide enough lor visual resolution of A were placed symmetrically 
on the faces, and the prism was so placed on the prism table 
that exactly the same beam of light entered the diaphragm io 
one position of the prism as in the other, in measuring both the 
angle and the minimum deviation. In this way very excellent 
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accord was obtained between several series of measures, and the 
following constants were fixed for the refractive indices of rock 
salt and iloorite in air at 20° C. and T60 mm. pressure. Average 
wave-length of radiations, 0.7604/lu 

For rock salt n = 1.536818 ± .000009 
Forfluorite n= 1.431020 ± .000006 

(6) Do all rock-salt prisms have the same dispersion? We 
were led to believe the affirmative upon this very important 
question by recorded results from many prisms, but we have 
conclusive evidence in the following comparison of the dispersion 
of three salt prisms, two from Russian and one from Bavarian 
salt, between wave-lengths 0.4/i. and 4.0/i.. The results indicated 
the affirmative, for the differences in the refractive indices in all 
this range never exceeded the probable experimental error of 
determination. To be more precise, the results at A were as 
follows : 

Prism R. B. I. n = 1.536818 ± .000009 

Prism R. B. II. n = 1.536844 ± .000006 

Prism S. P. L. T. n = 1.536812 ± .000005 

At other points the differences were of the same order of 
magnitude. 

It follows then, as has been anticipated and elsewhere pointed 
out by Langley, that this most interesting crystal, whose optical 
application from the time of Melloni to the commencement of 
these observations has been chiefly qualitative as a transmitter of 
special radiations, can now be used quantitatively with practical 
convenience in the form of a 60° prism, as a standard of refrac- 
tion to which all wave-lengths may be referred with the same 
order of precision as to the grating. 

(7) The temperature-coefficient of refractive indices for rock- 
soli />ri«m«.^BoIographs were taken at low and high constant 
temperatures, and from these in connection with former results 
the temperature coefficient for the whole range of radiations 
covered by our holographs was accurately determined. 

(8) Comparison of the efficienct/ of the bolometer and ther- 
mopile. — It will be recalled that the thermopile has recently been 
made far more delicate and efficient by improvements of Rubens, 
so that with him and with some others it has displaced the bolo- 
meter for radiation work. A comparison made here between one 
of these instruments and our bolometer, No. 20, shows the latter, 
though of only one-fifteenth the surface, to give twice the deflec- 
tion at the galvanometer when substituted for the thermopile. 
The galvanometer was besides more free from "drift" and 
" wiggle '* with the bolometer, and there was no "creep" to the 
deflection with it, while such "creep" lasted 5 or 10 seconds 
with the thermopile. The bolometer has besides the advantage 
that it can be made more strictly linear and far narrower than 
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the thermopile, and is capable of exact setting in the spectram. 
To offset these advantages, the thermopile requires no battery or 
balancing coils, and costs bat about one-thirtieth as much as the 
bolometer with its necessary accessories. Nevertheless, to make 
it equal to the bolometer as regards " wiggle " and " drift " and 
capacity for accurate setting, it would require a mounting at least 
a fourth as costly as the bolometer and its aocesaories. On the 
whole the bolometer has the advantage, except in cost. 

2. The Electro- Chemical Equivalents of Copper and Silver ^ 
by Theodore W. Ricuabds, E. Collins and G. W. Hbimrod.— 
Since Faraday pointed out in 1833 that the amounts of 
different substances, separated in successive cells by a given 
current of electricity, are proportional to the chemical equiva- 
lents of the several substances, numerous attempts have been 
made to verify this important law with rigid accuracy. None of 
these attempts have been very successful, smce there are so many 
possibilities of error, owing to " side reactions," in the determi- 
nation both of the electrochemical and the strictly chemical 
equivalents. The two metals most convenient for the practical 
application of this principle are copper and silver, and it seemed 
likely that a careful comparative study of the copper and silver 
" voltameters " might therefore be both of practical and of theo- 
retical interest. Accordingly the present investigation, which 
has extended over a space of four years, was undertaken to clear 
up, if possible, the discrepancies. 

It was found, in verification of the work of Foester and Seidel, 
that copper dissolves in cupric sulphate with the formation of a 
small quantity of cuprous sulphate, which attains a definite 
concentration for each temperature. Unless acid is present, 
cuprous oxide or hydroxide is formed by hydrolysis from this 
sulphate. The consequence of this singular condition of equili- 
brium is that from the pure acidified cupric solution less copper 
is deposited than corresponds with the current of electricity used, 
because some of the copper goes into the formation of cuprous 
sulphate : and from the partly cuprous solutions more copper is 
deposited than corresponds with the current, because in this case 
only single cliarges of electricity are set free from some of the 
ions deposited. We are thus between Scylla and Charybdis. 

Moreover, before the cupric solution is made so dilate that its 
solvent action becomes negligible with a given current density, 
the deposition of hydrogen interferes with the exact determina- 
tion of the electrochemical equivalent, even before the hydrogen 
is actually evolved in bubbles. Hence the use of a small cathode 
is dangerous beyond a limit which depends upon the degree of 
accuracy required. With small current density an approximate 
correction may be made for the area of the cathode. Vanni's 

* This Abstract was prepared for this Journal by one of the authors. The 
original paper was presented to the National Academy of Sciences in November; 
it is printed in full in vol. xxxv of the Proceedings of the American Academy^ 
and in vol. xxxii of the Zeitschrift fiir physikalischeChemle. 
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method of correcting the irregularity by adjasting the amount of 
acid present is simply a device for replacing the copper by 
cuprous oxide ; and although its results are not very erroneous, 
it must be considered scientifically unsound. 

We found that, by reducing very much the temperature and 
by protecting the soiution from the air so as to exclude this 
oxidizing environment, it was possible to obtain maximum and 
minimum results, from acidified cuprous and cupric solutions 
respectively, which were fairly close together. The average 
between these two was still much less than the amount corre- 
sponding to the silver voltameter. The obvious inference from 
this discrepancy was that the silver voltameter is itself erroneous, 
and deposits, for some reason or other, too much silver to corre- 
spond to the current. 

The careful investigation of the sources of this inaccuracy, 
both from the study of earlier work and from our own experi- 
ence, led us to conclude that the irregularities were caused by 
some unusual action at the anode, and hence it is obvious that by 
excluding this anode with the help of a fine-grained poroits cup 
it. was possible also to exclude the irregularities. Upon careful 
trial the porous cup was found to give desirably constant results, 
which were 0.082 per- cent lower than the amounts of silver 
obtained with the same current from Lord Rayleigh's standard. 
This amount, as is indicated below, was just enough to account for 
the discrepancy noticed in the work upon copper. It was found 
in the same way, that Patterson and Guthc's method yielded a 
result about 0.2 per cent higher than the porous cup voltameter. 
Upon applying these corrections to the chief results which have 
bc^en obtained for the electrochemical equivalents of silver, it was 
found that all of the results were fairly concordant, indicating a 
deposit of about 1.1172 milligrams of silver per ampere per 
second. 

Since the electrochemical equivalent of copper upon the same 
basis was found to be equal to about 0.3292 milligram per ampere 
per second, and since the atomic weights of silver and copper and 
silver are respectively 107.93 and 63.604, it is clear that Fara- 
day's Law is verified more precisely than before. For 1.1172: 
0.3292=2(107.93) : 63.60. 

Conversely, supposing Faraday's Law to hold rigidly, and the 
value 63.60 to represent the atomic weight of copper, the agree- 
ment famishes evidence of the accuracy of the new method. 

3. Irreversible Radiation Phenomena, — An important theoreti- 
cal article on this subject has been published by Professor Max 
P^LAKCK. It is a study of the application of the electromagnetic 
theory of light to the laws of thermodynamics. The author recog- 
nizes the fact that since the phenomena of heat satisfy the second 
law of thermodynamics, the electromagnetic theory must also 
embrace this law in its generality. He discusses the phenomena 
of heat and light from the point of view of this theory; regarding 
the molecules as oscillating systems, sending out or receiving 
electrical waves, and he finds the necessity of enunciating electro- 
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dynamic laws analogous to the thermodynamic ones, for instance, 
laws of electrical entropy similar to that of heat eptropy. 

The necessity of such an extension of theory he illustrates by 
the following reference to spectrum analysis : 

In the usual light theory, a bundle of rays of light, for instance 
that of the D line, is fully defined, if its plane of polarization, its 
color and intensity are given, together with its range of wave 
length. In the electrodynamic theory there is no such definite- 
ness. Even if we take a millionth part of the visible spectrum, 
with a vibration-interval represented by the ratio 1 : 1,000,001 ; 
the period of the wave must be selected from all waves comprised 
between 510 billion and 510,000,510,000,000, that is from 510 
million different vibration-periods. If the electric force is devel- 
oped as a function of the time in a Fourier series, these 510 mil- 
lion vibration numbers will enter, for the determination of which 
we have only the intensity and the breadth of the spectrum of the 
ray. The author proceeds to develop the theory and to show the 
necessity of electrodynamic relations, analogous to the thermody- 
namic ones already recognized in the subject of heat. — Ann. 
Phys.y i, No. 1, pp. 69-122, 1900. j. T. . 

4. A Radio-active Substance emitted from Thorium Compounds. 
— Professor Rutherford of McGill Univei-sity, Montreal, has 
discovered that thorium compounds continuously emit radio-active 
particles of a certain kind which retain their radio-active pow- 
ers for some time. This emanation has the power of ionizing gas 
and of passing through thin layers of metal and through layers of 
paper. He considers the question of the origin of the emanations 
and finds that they are not due to dust particles. They may, 
however, be due to vapor given off by the compounds. The evi- 
dence on this head is negative. The compounds have the remark- 
able property of producing radio-activity in all substances on 
which the emanation falls. This power lasts for several days 
and the radiation is of a more penetrating character than that of 
thorium or uranium, and thus has properties which thoriom 
itself does not possess. — Phil. Mag.^ Jan. 1900, pp. 1-14. j. t. 

5. Nature of White Light. — M. E. Cabvallo believes that 
white light cannot be expressed by the usual formula c^^Hnht^ 
which denotes a damped vibration, for he finds that this gives a 
maximum of intensity which does not agree with the results of 
Langley and Mouton. Moreover when this formula is used in the 
theory of the grating white light results and not colored spectra. 
The error comes from retaining only those radiations which are 
sensible to the eye and in neglecting those intensities which are 
spread out in all azimuths. — Comptes Mendus, No. 2, Jan. 1900, 
pp. 81-82. J. T. 

6. Neio Electrical Condenser. — Bradley has discovered a new 
substance which has a specific inductive capacity fifteen times 
greater than paraffined paper and about nine times greater than 
that of mica. The material is stearate of lead (stearinsaores 
Blei). — Zeitshrift fiXr InstrumentenkundCy Dec. 1899, p. 216. 

J. T. 
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7. The Kinetic TTieory of Oases, Elementary Treatise with 
Mathematical Appendices ; by Dr. Oskar Emil Meyer. Trans- 
lated from the pecond revised edition by Robert E. Baynes ; pp. 
472. London, 1899 (Lonormans, Green & Co.). — The first edition 
of Dr. Meyer's work appeared in 1877, when the Kinetic Theory 
of Gases had jast been fully developed. It was an admirable dis- 
cassion of the subject at that time, and for the ordinary student 
of physics or chemistry had the great advantage of being pre- 
sented in a readily intelligible form and not simply from the 
mathematical standpoint. This first German edition has been 
widely and favorably known in England and this country. 
Now, after the lapse of more than two decades, in which the 
theory has been perfected and at the same time the difficulties 
involved in it have been clearly shown, Dr. Meyer brings out a 
second edition, presenting the same subject as it stands to-day. 
The plan of the earlier work has been retained, the body of the 
volume containing the general discussion and the mathematical 
treatment being given in the series of appendices. This, as will 
be seen, at once meets the needs of all classes of readers. The 
work is so well known that special discussion of its contents, or 
comment upon the clearness of the treatment, hardly seem 
required. The English translator has performed important ser- 
vice in presenting the work to students in England and America 
in their own language. The translation has had the advantage of 
some additions and modifications suggested by Prof. Meyer, under 
whose eye the proofs have passed. 

8. The Rise and Development of the Liquefaction of GaseSyhj 
WiLLETT L. Hardin, Ph.D., Harrison Senior Fellow in Chemis- 
try in the University of Pennsylvania; pp. 260. New York, 
1899 (The Macmillan Co.). — An evidence of the wide interest 
felt in scientific subjects at the present time is given by the fact 
that when a new subject is rapidly developed, it is not long before 
a comprehensive volume giving the main facts regarding it is 
available for the general public. The present volume is a case in 
hand, and in preparing it the author has performed a service to 
the many interested in the past history of this subject, in its pres- 
ent development and also in the possibilities for the future, a topic 
somewhat imaginatively treated by the public press. From the 
early days of Boyle and Mariotte, he passes on to the classical 
work of Faraday and Andrews, and then to the more recent labors 
of those who have proved that the so-called permanent gases have 
00 existence, the last steps being the liquefaction and solidifica- 
tion of hydrogen by Dewar. This volume should be read with 
interest by a wide circle of readers. 

9. An Introduction to the Study of Central Station Electricity 
Supply^ by Albert Gay and C. H. Yeaman; pp. 467. London, 
1899 (Whittaker & Co.). — This excellent work is one of a 
series of volumes prepared expressly for electrical engineers ; it 
gives a clear and thorough statement of the many branches of 
work involved in the supply of electricity from a central station. 
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it has the somewhat unusual merit of having been prepared by 
authors who are themselves engaged in practical work, and con- 
sequently fully alive to the needs of others in the same line. It 
is comprehensive in scope, discussing the municipal relations of 
the work, the practical questions of building, as well as the more 
special topics of systems of supply, forms of steam generators, 
and the electrical equipment in general. The best forms of 
switch-boards and regulators are described, the methods of dis- 
tribution with the various mains, etc. A chapter is given to the 
methods of charging for electrical energy, and the price involved; 
also another to the analysis of cost of management in its different 
departments. 

10. Annalender Physik, — The time-honored periodical, which for 
more than a century under the charge of Gren, Gilbert, Poggen- 
dorff and the Wiedemanns, has done so much for the develop- 
ment of physics, begins its fourth series with the first namber for 
1900. The title has been changed in recognition of the fact that 
the journal is now devoted to physics exclusively, and it is for 
the future to be edited by Dr. Faul Drude in Leipzig. The gen- 
eral interests of the journal will be cared for by the following 
gentlemen : F. Kohlrausch, M. Planck, G. Quincke, W. C. Ront- 
gen, E. Warburg; of these M. Planck assumes special responsi- 
bility; they will be supported by the Deutsche Physikalische 
Gesellschait. 

II. Geology and Mineralogy. 

1. The Oeology and Physiccd Geography of Jamaica ; Study 
of a Type of Antillean Development, Based upon Surveys made 
for Alexander Agassiz. By Kobbbt T. Hill. With an Appen- 
dix on some Cretaceous and Eocene Corals from Jamaica. By 
T. Wayland Vaughan. Bull. Mus. Comp. Zool., Harvard 
College, vol. xxxiv (Geological Series, vol. iv,) plates i-xli, 
figures 1-40, pp. 1-256, 1899. — Jamaica, as the central land-mass 
of the American Mediterranean region, has been chosen by 
Professor Agassiz for thorough geological investigation. ^' This 
central position of the island is important from geographic, 
biologic, and geologic points of view, and makes it a typical 
base of study for one interested in Antillean problems. Like a 
measuring gauge set up in the middle of a stream to record the 
rise and fall of a river, it stands in the center of the American 
Mediterranean, — a standard geological index of the great oscil- 
latory changes of level which have taken place in the history of 
Tropical America, whose feebler amplitudes only are indicated in 
the perizonal continental borders.^' Mr. R. T. Hill having made 
the necessary investigation of the geology of the island, presents 
in this volume an exhaustive account of the present geological 
condition of the island. From the facts gathered, the author has 
drawn the following conclusions regarding the known history of 
the Antillean region : ^' The geology and configuration present 
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no evidence whatsoever whereby past land connections can be 
established between these islands and the North and South 
American lands in Post-Jurassic time, especially in the Tertiary, 
Pleistocene, or recent epochs. The configuration and conditions 
of these islands in Pre-Jnrassic time cannot even be surmised. 
There are some hypothetical and biologic reasons for believing 
that the outer rim of the American Mediterranean constituted a 
partial . or complete bridge between the continents in Jurassic 
time, and that the Panama bridge did not then exist. The first 
definite evidence of Antillean lands is found in the eruptive rocks 
of late Cretaceous lime, when it is probable that there were 
marine volcanoes. The land debris constituting the Eocene 
strata throughout the islands testifies the pre-existence of exten* 
Mve Cretaceous land areas. There was a profound regional 
subsidence in late Eocene and early Oligocene time, which sub- 
merged all but the highest tips of the Antilles, and which 
extended to the margins of the surrounding continents. In late 
Oligocene or Miocene time there was a tremendous erogenic 
movement which resulted in uplift, whereby many of the islands 
were connected with each other, and possibly an insular south- 
em portion of Florida, but not establishing land connection with 
the North and South American continents. In Miocene or early 
Pliocene time the islands were severed by submergence into their 
present outlines and membership, which they have since retained 
with only secondary modification. In Pliocene and Pleistocene 
time there have been intermittent periods of elevation without 
serious deformation, but not sufiUcient to establish land con- 
nections or to restore the island to the heights and areas of Mid- 
Tertiary time. The Pleistocene movements, while epeirogenic, 
were sufficiently differential to show that they were not uniform 
in all parts of the area, showing great differences in amplitude 
within the West Indian area, and were not harmonious with 
those of the North American coastal plain. The irregularities 
di the submerged configuration of the West Indian region are 
erogenic, and not due to submerged continental drainage systems. 
The elevated coral reefs of the West Indies were formed on 
rising lands." The volume is beautifully illustrated with numer- 
ous heliotype pictures of the important geological features of the 
island. w. 

2. Maryland Geological Survey. Volume III; by William 
Bullock Clabk, State Geologist, plates i — xxxv, pp. 11-461, and 
3-80, 1899. — This report includes, in addition to the State Greolo- 
gist's account of the organization of highway investigations, 
chapters on the following subjects : The relations of topography, 
climate and geology to highway construction, by William Bul- 
lock Clark; highway legislation, and its infinence on the 
economic development of the state, by St. George Leakin Sious- 
sat ; the present condition, the construction and repairs of 
roads, by Arthur Newhall Johnson ; and on the qualities of 
;ood road-metals, the methods of testing them, method and ex- 
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pense of road improvements, and the advantages of good roads, 
by Harry Fielding Reid. 

In the excellence of paper, illustrations, and its general make- 
up, this volume maintains the high standard of previous volumes. 
If one part may be selected for special comment, it is Part IV, 
on the present condition of Maryland highways, written by 
Arthur N. Johnson, formerly connected with the Massachusetts 
Highway Commission. Based upon a thorough examination of 
the highways of Maryland, the report presents a very complete 
account of their present condition and future needs. In the 
latter half of the article, detailed information is given regarding 
the roads and their problems in each county, illustrated by colored 
geological maps of each county, with the roads marked in their 
relations to the geological formations. Detailed explanations are 
given of the position and use of different kinds of rock for road- 
making purposes. The combination of pure science and practical 
utility is here brought to a high degree of perfection and saccess. 

w. 

3. A Memoir on the Paleozoic JReticulate Sponges constituting 
the family DictyospongidoB ; by Jambs Hall and Joux M. 
Clarke. Memoir II, New York Geological Survey, 350 pages, 
Lxx plates. Printed 1898. — This memoir* brings together into 
one volume of text and plates all that is known at the present 
time of this most interesting family of fossil sponges. Not only 
have the forms occurring within the limits of the State of New 
York been studied and fully illustrated, but comparisons have 
also been made with specimens from Pennsylvania, Ohio, and 
Indiana, as well as from Brittany, England, and Germany. In 
the desire to render the memoir as complete as possible, the 
authors have introduced some earlier forms, the grouping of 
which with the Dictyospongida^ may be doubtful, especially those 
founded on isolated spicules. 

Other species described are omitted from the scheme of claflslfi- 
cation and lack positive evidence as to relationships. In com- 
pleteness of description and illustration, the memoir is all that 
could be desired, but it may be regretted that more is not given 
in regard to the development of the individual and the intimate 
and necessary relationships between structure, growth, and form. 

It is noted that the living sponge approaching nearest to the 
DictyospongidaB is the " Venus Flower Basket,^' JEuplecteUa 
aspergilium. Like EupUctella the fossil forms were thin-walled, 
vase-like sponges sustained by a delicate network of siliceons 
spicules, but in many details they departed from this modern rep 
resentative. They measured from several inches to two feet or 
more in height and lived in colonies on the sandy and somewhat 
muddy bottoms which extended at comparatively shallow depths 
over southern New York, Pennsylvania, Ohio, and Indiana, du^ 
ing the Upper Devonian and Lower Carboniferous* Their exbt- 

* Briefly noticed on p. 69. 
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ing allies are most abandant in the more qaiet waters with 
muddy bottoms, which form the deeper parts of the continental 
shelves. 

As it is only in the rarest instances that the minute details of 
the spicular network are preserved, the separation of the fossil 
forms into species rests mainly upon more general characteristics. 
For the same reason a long time elapsed before the true nature 
of these fossils became evident. In 1842 Conrad described 
JHydnoceraa as a cepbalopod and subsequently these Hexactinel- 
lids were doubtfully grouped with the Algje. It was not until 
1881, nearly forty years later, that specimens were found at 
Crawfordsville, Indiana, showing the individual spicules and 
their spongious affinities. 

Considering their fragile nature, their forms are remarkably 
well preserved. In some instances colonies were overwhelmed by 
a deposit of mud, at other times they were broken loose from 
their moorings before burial, but in both cases perfect molds have 
been left, showing not only the details of form but the general 
arrangement of the spicular network. 

The form, which is the most important feature for the specific 
dififerentiation and generic delimitation of these fossil sponges, is 
subject to variation in several directions. The simplest type, and 
the most primitive as well, is a slender cone, narrow at the base 
and open at the upper margin. This may become almost cylin- 
drical, as in Dictyospongiay or may expand into a wide saucer- 
like shape, as in Myphantcenia, The next modification in form 
consists in the development of longitudinal ridges, thus breaking 
up the vase into pyramidal or prismatic faces. This prismatic 
type is determined by, and depends upon, the vertical bundles of 
spicules. 

The bases of such sponges are conical, but as growth advances 
they pass into four-sided forms, due to four primary spicular 
bundles. Finally, as these diverge, four intermediate secondary 
bundles assume prominence, and the sponge becomes eight-sided, 
which is the normal prismatic form. 

The sharpness of the prismatic angles diminishes toward the 
upper part of large specimens and they begin to show again the 
smoothness characteristic of their initial growth. Another varia- 
tion in form is due to ring-like contractions at intervals along the 
cone or pyramid, giving a crenulated longitudinal outline. This 
is presumably acquired by an alternating contraction and expan- 
sion of the aperture as it grows upward, but to what extent the 
growth is confined to the upper part, as in corals, or to what 
extent there is a general expansion of the entire structure, is not 
discussed. 

The prismatic and annular modifications combined give rise at 
their intersections to nodes, which in some species of Ilydnoceras 
are merely blunt protuberances on the surface, but in others pass 
into sharp-pointed swellings of considerable elevation. The 
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extreme of nodal development is seen in Botryodictya, where 
these prominences become pendulous lobes arranged in numerous 
whorls along the cylindrical body of the sponge. 

Lastly there may be modifications of the body into a stalk 
below and an expanded cup above, and again, as in Phragmo- 
dictya, there may be a basal disk for attachment, with a frill 
about the margin, the general effect resembling a sea-anemone in 
basal outline. 

The spicular network gives the clue to classification. The 
family, as now defined, falls under the subclass Silicea and the 
order Hexactinellida. Since the elements of the spicular bundles 
are not fused together, the family further belongs in Zitters sub- 
order Lyssacina. The specimens from New York and Pennsyl- 
vania are molds and it is extremely rare to find the individual 
spicules preserved, but in the examples from Crawfordsville, the 
spicules, which in all siliceous sponges are composed of hydrated 
amorphous silica, have here been altered to pyrite, and this has 
often escaped oxidation. The conspicuous feature of the skeletal 
frame is the inner meshwork surrounding the gastric cavity, 
which has been already alluded to in discussing the pyramidal 
forms. This meshwork consists of horizontal and vertical, nar- 
row and often flattened bundles of rod-like spicules, regularly 
spaced and forming a pattern of squares over the entire surface. 
These primary squares, which may be upward of an inch in 
diameter, are bisected by secondary spicular bundles and these in 
turn are subdivided until a fine network of squares, which may 
be of the sixth order, is reached. 

The vertical spicular bundles extend the entire length of the 
sponge and the horizontal ones form complete rings. The 
memoir does not go into the genesis of the individual spicular 
rods and perhaps with the character of material available noth- 
ing definite could be learned regarding it. As commonly seen, 
these rods are hair-like and are spoken of as diactins, though it 
is possible they may be tctractins in which the rays become 
enormously elongated, and in growing parallel and adjacent to 
one another form the bundles. The entire thickness ot the wall 
is slight compared with the diameter of the vase. The interior 
surface is formed of the rectangular network, while the outer 
surface contains large, free pentactins standing opposite each 
intersection of the spicular bundles. Various forms of smaller 
modified hexactins have been noted scattered among those of 
normal character. The fossils sometimes show tufts of rod-like 
spicules protruding half an inch or more from the nodes. 

The preceding notes have been based on the Devonian Dictyo- 
spongidse. Having obtained an idea of their characteristics, it 
may be well, in order to bring out the progress in differentiation 
shown within this family, to point out the striking features of 
the Lower Carboniferous forms and their derivation from Devonian 
ancestors. 

In the lowest sub-Carboniferous faunas, the Waverly and 
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Keokuk, this progressive differentiation is most striking, the 
genera departing more widely from each other than in any 
previous epoch. The most notable character of these faunas is 
the loss of the prismatic form in many genera and the assump- 
tion of flowing outlines. Many Upper Devonian species show 
the tendency toward this feature in the smooth upper part of the 
vase in old individuals. The loss of the prismatic angles is a 
result of equalization of growth among several of the higher 
orders of spicnlar bundles. While this tendency is an approach 
to the simple primitive type, peculiar modifications have taken 
place in other directions. In the earlier, nodose forms, the 
nodes were clearly determined by the intersection of primary, 
vertical spicular bundles and annular enlargements. 

In the Lower Carboniferous genus Gleodictya^ on the contrary, 
a whorl of rounded obtuse nodes persists near the base, but 
these are no longer determined, as formerly, by prominent spicu- 
lar bundles, the entire reticulum being a uniform fine mesh work. 
It is an interesting instance of the persistence of a feature alter 
the determining cause had vanished. Another noteworthy modi- 
fication appearing for the first time is the checkerboard surface of 
Physoapongia, In this genus, every alternate square is raised, 
blister-like, above the general surface of the network, and the 
intermediate squares are depressed an equal amount. The 
effect is that of a checkerboard in which the squares of 
one color should be raised and those of the other color sunk 
below the general level of the dividing lines. Although this 
gives a nodose appearance, it is seen to have no relation to the 
nodose forms of the earlier genera. 

Still another line of modification is seen in CkUhrospongia. 
Here the spicular bundles become horizontal and vertical plates, 
perpendicular to the body-wall, changing what was originally a 
network into a series of pigeon holes, in which primary, secondary, 
and tertiary partitions can still be recognized. The depth of the 
wall increased until it finally equalled a quarter of the radius of 
the vase. 

It yet remains to trace the subsequent history of this ancient 
family of sponges and to work out their relationships with the 
Dictyonine Hexactinellida of later periods. Although in some 
respects these ancient vase-like sponges were quite ornate and 
showed much differentiation, their primitive character is seen in 
the skeletal details and general form. 

The spicules were not fused together as in the majority of 
modern Hexactinellids, but even in the spicular bundles maintain 
their individuality. In the mature stages'of Euplectella and cer- 
tain other existing genera there is a terminal sieve-like plate 
extending across the upper part of the cup which does not show 
a direct derivation from the walls. In the Dictyospongidoi^ there 
is no evidence of such a modified protective structure. The most 
specialized feature of this family is the basal disk of Phragmo- 
aictya. In this genus the body- wall is cylindrical and the base is 
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a flat cone or plate, the irregular spicular bundles of which are 
continued into the upright wall of the sponge. Around the edc^e 
of the base id a frill extending outward and offering a broader 
surface for attachment, but this also is merely an extension from 
the main wall. It is possible that the spicules of the Dictyo- 
spongidse never attained the complex and striking development 
found in the sarcode of living Hexactinellids. 

While these features of recent species are indicative of their 
later geological age, and althous^h they have lost some of their 
primitive simplicity, it can hardly be said that they have made 
any positive advancement. On the contrary, when we consider 
the maximum size, variety of form, and abundance of species 
characterizing the Upper Devonian and Lower Carbon if erou8, 
it must be concluded that these periods witnessed the culmina- 
tion of the Lyssacine Hexactinellida. j. b. 

4. International Congress of Geology — The eighth session of the 
" Congr^s g6ologique international " will be held in Paris during 
the coming August, 16-28, in connection with the Exposition 
Universelle. The sessions open on the 16th in the pavilion of 
the Exposition, and close on the 28th, but will not be continuoos, 
several days during the period being reserved to permit the mem- 
bers to visit the Exposition. It is proposed to have the meetings 
divided into four sections : 

1. General Geology and " Tectonique." 

2. Stratigraphy and Paleontology. 

3. Mineralogy and Petrography. 

4. Applied Geology and Hydrology. 

A long and attractive series of excursions is announced, each of 
them under able leadership ; some of these, as to the Ardennes, 
Touraine, Br^tagne, etc., will be taken before the Congress; 
others to the Tertiary of the Paris Basin during the sessions, and 
a longer series to distant points in the Alps, the Pyrenees, and 
elsewhere alter the close of the Congress. 

Members may secure hotel accommodations during their stay 
in Paris at reasonable rates through the agency of the Society des 

Voyages modernes, 1, Rue de I'Echelle, Paris. Correspondence 
should be addressed to the Secretary, M. Charles Barrois, Boule- 
vard Saint Michel 62, Paris. The treasurer is M. Leon Carez; 
the president, M. Albert Gaudry, membre de I'Institat. 

5. Beitrdge zur Geologie und Petrographie Chile^s; by F. vox 
Wolff (Inaug. Diss. Berlin 1899, pp. 85). — The material upon 
which this work is based was collected by the late Dr. W. 
Moericke during his travels in Chili in 1896. A sketch of the 
general geology is given accompanied by a map upon which the 
petrographie localities are noted. The petrographie portion is 
divided into a description of the older rocks of the coastal zone, 
the eruptive rocks of the Cordilleran upland, the granular and 
porphyritic rocks of the Andean group and the later lavas of the 
Andean high plateau. 

The Andean rocks, which consist chiefly, as might be expected,, 
of the diorite-andesite group, are the most interesting and their 
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description is acoompanied by several analyses which add greatly 
to the value of the work. l. v. p. 

6. Hepertorium der mineralogischen and krystallographischen 
Literatur vom d. J. Anfang 1891, bis Anfang d. J., 1897, und 
General-register der 2kitschrift fUr Krystallographie U7id Miner- 
<ilogie^ Band XXI-XXX, Herausgegeben und bearbeitet von 
E. Weixschenk und F. Grunling. I Theil. Repertorium von 
E. Weinschenk; pp. 354. Leipzig, 1899 (Wilhelm Engelmann). 
— The appearance of the first part of the third general index 
(vols, xxi to xxx) to Groth's Zeitschrift brings before the mind 
the long series of volumes, thirty and more, which mineralogists 
owe to the indefatigable labors of the able editor since the enter- 
prise was inaugurated in 1877. This has been a period of great 
activity and important advance in mineralogy and to this end the 
Zeitschrift filr Krystallographie has contributed a large part. 
The fact that it has given from the beginning a remarkably com- 
plete summary of all mineralogical literature makes this Reper* 
torium by Dr. Weinschenk of great value. The second part is 
promised soon. 

7. Handbuch der Mineralogie ; von Dr. Carl Hintze. Erster 
Band. EUmente^ Sulfide^ Oxyde^ Haloide^ Carbonate^ Sulfate^ 
Borate^ Phosphate, Vierte Lieferung ; pp. 481-640. Leipzig, 
1900 (Veit & Comp.). — All mineralogists will welcome another 
part of Hintze's Mineralogie, which forms the sixteenth Lieferung 
thus far published. It is devoted to the simple sulphides, the 
species of galena, chalcocite and sphalerite being discussed with 
especial fulness. 

8. TabeUen zur mikroskopischen Bestimmiing der Mineralien 
nach ihrem Brechungsindex ^ von Dr. J. L. C. Schroeder van 
DER Kolk; pp. 48. ' Wiesbaden, 1900 (C. W. Kreidel).— This 
paper has been republished from the pages of the Zeitschrift filr 
ajialytiache Chemie. It consists chiefly of mineralogical tables in 
which the species are arranged according to their refractive in- 
dices, the first and longest table being divided into two parts, of 
which the first includes species with indices from 1"34 to 1'83: 
the second those with indices higher than 1*83. Those between 
1*83 and 1*93 are further subdivided, as isotropic, uniaxial, and 
biaxial. In each case, after the name of a species, a brief state- 
ment is made in regard to its composition and prominent physical 
and chemical characters. A supplementary table gives the min- 
erals arranged according to Groth's Tabellarische Uebersicht, 
with indices added. The introductory portion discusses the 
author's method of obtaining the approximate values of the 
indices of a given crystal or crystal Iragraent by immersing it 
successively in various solutions whose refractive power is known 
and noting whether its outline is marked, because of total reflec- 
tion, by a more or less prominent dark (or colored) border until 
this finally disappears, when the indices of crystal and solution 
correspond. 
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III. Botany. 

1. Beitrdffe zur Physiologie der Wurzeln ; by Aug. Rimbacb. 
(Berichte d. Deutsch. Botan. Gesellsch., vol. xvii, Berlin, 1899, 
p. 18.) — The morphology and physiology of the root is a Bob- 
ject that has been studied comparatively little heretofore, aod 
the author is one of the few botanists who have called attention 
to the fact, that roots in many cases exhibit almost as many and 
as significant modifications as exist in stems and leaves. Roots 
are often looked upon as simply " nutritive," and are generally 
passed by in morphological and anatomical studies ; in systematic 
works they as well as rhizomes are as a rule neglected. It 
is, therefore, the more interesting to learn something about 
these organs, which the author has studied very carefully for 
several years in the laboratory and in the field. He proposes 
four types : nutritive-, attachment-, contractile- and storage- 
roots. Roots of the first type are characterized by possessing no 
very pronounced power of resistance, since they have no stenlds, 
nor are they contractile nor especially adapted to store nutritive 
matters. Their only function is evidently to absorb and conduct 
nutrition. Certain plants possess no other roots than these, e. g. : 
Dentaria^ Corydalis cavOy Paris, Tulipa and others. Such roots 
are generally more slender than others. The cortical parenchyma 
is very poorly developed and does not persist for any consider- 
able length of time. Furthermore, they are very plastic, being 
able to change their direction of growth in accordance with the 
local surroundings, — the conditions of the soil, for instance. Not 
uncommonly, however, this same structure may be recognized 
near the apex and in the minor ramifications of roots of the other 
categories. As a second category are to be distinguished such 
forms of roots as do not store nutritive matters and are not 
contractile, and in which the power of absorption is so small that 
their only, or at least most important, function seems to consist in 
attaching the plant to the substratum. These roots are named 
'* attachment-roots." They are rare and may be found, for 
instance, in the epiphytic Bromeliacece. Considered from an 
anatomical point of view, these roots are very rich in stereome, 
while the cortical parenchyma is relatively poorly developed and 
frequently collapses. There are, however, certain roots which 
besidefl a purely mechanical function, also possess power of 
absorption. Such modifications are especially characteristic of 
Palmcp, Grami/iete, Cydanthaceai and Aracem, epiphytic as well 
as terrestrial. The contractile roots constitute the third category. 
Their main function lies in their power of contracting and thus 
drawing the shoot deeper and deeper down into the ground. 
These roots have very little or no sterome, but possess an enor- 
mously developed thin-walled parenchyma, which persists through 
a long period of the plant's life. They are especially well repre- 
sented in Scilla, Ornithogalum^ Crocus, Gladiolus and Oxalis, 
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The contractile power of these roots does not always have the 
result of drawing the shoot deeper into the ground, but may, as 
in ScrophulaHa nodosa^ merely serve to keep the phoot in place. 
In such cases contractile roots assume a function that belongs 
properly to the true attachment-roots, which lack contractUe 
power. Storage-roots are such roots as possess a large persistent 
parenchyma, in which nutritive matters are stored. Such roots 
often become tuberous by the excessive development of this 
parenchyma. They are well known in various species of Aeon- 
itnm^ JSemerocalliSy Orchis^ many Melanthacemy etc. Some 
of these roots may at the same time be contractile, as for 
instance in: Succisa, PlantagOy Anthericum^ Veratncm^ etc. 
The author also describes various phases of the biology of the 
root, such as longevity, ramification, periodical development, 
and the occurrence of different root-systems in the same species, 
which include many points of interest and importance. The 
paper is a highly welcome contribution to our knowledge of the 
root, in its structure and functions, and deserves to be studied 
carefully. t. h. 

2. Die Keimiing der Samen von Anemone apennina ; by Fr. 
HiLDEBRAND. (Bcrichto d. Dcutsch. Botan. Ges. Berlin, 1899, 
p. 161.) — The author describes a very singular manner of ger- 
minating, as exhibited by Anemone wpennina. The cotyledons 
possess long petioles, which have grown together in their 
entire lenfl;th and pass gradually over into an almost globular 
tuber, which represents the axis of the seedling ; the primary 
root develops from the base of the tuber. So far the seedling 
reminds us very much of that of Eranthis hyemalis. But, dur- 
ing the first season, the author noticed that the basal part of 
the cotyledonary petioles attained a darker color, and that not 
only hairs developed, but even secondary roots ; besides, an 
anatomical examination proved this same basal part to possess 
the structure of a root with only one central mestome-bundle. 
The seedling exhibits thus the singular case that the basal por- 
tion of the grown-together, cotyledonary petioles develops as a 
root, with its structure and function. During the first year the 
seedling develops the first proper leaf, which is green and which 
appears from the apex of the tuber. It might seem, at a first 
glance, more strange than it really is that roothairs and roots 
should develop from the cotyledonary petioles, yet we must remem- 
ber that even petioles of various plants may be easily forced to 
produce roots by means of artificial culture. A close relative 
of this Anemone^ A. hlandoy does not exhibit this manner of 
germinating. A tuber is developed in this species and the 
petioles of the cotyledons grow together, but no roots or hairs 
develop from their bases, and the first proper leaf does not appear 
until the following year, while in the former species it developed 
contemporarily. t. ii. 

3. Die Carex-vegetation des Atissertropischen fSildamerika 
(ansgenommen Paraguay und Sadbrasilien) ; by Georg. Kuken- 
THAL. (Engler's Jahrb, vol. xxvii. Leipzig, 1899, p. 485.) — Sixty- 
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one species of Carex are enumerated from this part of South 
America, of which thirty are endemic and fifteen only known 
from tropical South America besides; four varieties are, more- 
over, not known from elsewhere, while the typical forms occur 
in the northern hemisphere; — C. vulgaris Fr. is the only 
cosmopolitan species among them. The systematic arrange- 
ment of these species is very interesting, and three sub- 
genera are adopted : Yignea^ Vigneastra and Eucarex, These 
are again divided into twenty sections, mostly those of Drejer, 
Fries and Tuekermann, while the subsections are arranged in 
accordance with the number and position of the spikes: mono- 
stachyous, homostaohyous and heterostachyous, of which the first 
one is generally supposed to represent the oldest type. 

The species are very carefully described in Latin, and a num- 
ber of varieties are included. Synonyms are also given in con- 
nection with reference to literature, besides the habitat and geo- 
graphical distribution. The author has beyond doubt been very 
successful in his attempt to classify this difficult genus in natural 
sections, similar to those suggested by Drejer as far as concerns 
the morphological characters, and the paper constitutes, there- 
fore, an important basis for future research. However the mor- 
phological characters, striking as they may appear, are often 
very deceiving. We wish that the author had, at least to some 
extent, compared his morphological classification with such 
anatomical studies in Carex^ of which the literature possesses 
such interesting and important contributions as those of Lemcke, 
Mazel and others. The external structure of utriculus, for 
instance, is often very uniform in many species, hence these are 
classified in one section, yet an anatomical study of this little 
organ reveals a number ol striking divergences, which may prove 
useful not only in classifying the species among themselves, but 
also in establishing natural sections. T. h. 

4. A list of the plants of the Pribilof^ Islands with notes on 
their distribution ; by James M. Macoun. (The Fur seals and 
Fur seal islands of the North Pacific Ocean. Part 3. Washing- 
ton 1899, p. .559.) — A complete catalogue of all the plants that 
have been found on these islands since their discovery in 1786 is 
given in the present paper, the total number of Phanerogams 
amounting to 172; 3 species of Equisetum^ 3 oi Lycopoditim^ 
and 6 ferns besides a number of mosses, lichens and fungi, are 
recorded. Among the Phanerogams we notice several species as 
being circumpolar, for instance: ISaxifraga stellaris var. comosa^ 
Chrysosjyleniurn alterni folium^ Eutrema Edwardsii^ Mippuris 
vulgaris, EieHfgia islaudica^ etc., the last being the only annual 
species. Papavser Macouniiy Cardamine umheUata^ Chrysos- 
plenium Bering ianumy Primxda Macoioiii, P. eximia. Poly- 
gonuni Macounii, Elymus villosissirnus and Carex Pribilovensis 
are described as new, and the first six are, furthermore, figured. 
The paper constitutes a very important contribution to the knowl- 
edge of this flora, and it may be stated that the author has per- 
««onally examined all the species included in the list. t. h. 
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5. The Missouri Botanical Garden. — The eleventh annual 
report, bearing date Jan. 10th, 1900, is at hand. Like its recent 
predecessors it contains a report of the officers of the Board of 
Trustees and the annual report of the Director. From these it 
is apparent that the assiduous care exercised by the Director has 
been fruitful in good results in every way. The Garden and 
the Arboretum continue in his charge to exert great influence, 
not only throughout that part of our West which has the good 
fortune to possess them, but throughout our whole country. 

The scientific papers are : 1. A disease of Taxodium distichum, 
by Hermann yon Schrenk. 2. Certain Agaves flowering in the 
Washington Garden in 1898, by J. N. Rose. 3. A revision of 
certain American species of Euphorbia, by J. B. S. Norton. 
4. A revision of the species of Lophotocarpus of the United 
States ; and description of a new species of Sagittaria, by Jared 
G. Smith. All of these are valuable papers. The first one men 
tioned was Dr. von Schenck's Thesis for his doctorate, g. l. g. 
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1. Heport of S. P. Langley^ Secretary of the SmitJisonian 
Institution^ /or the year ending June 30thy 1899 ; pp. 81. 
Washington, 1899. — The report of an institution at once so 
active and so useful as the Smithsonian is always of interest. 
The various matters of administration are here discussed in detail 
and also the special lines in which the institution is able to pro- 
mote scientific research. One of the most important of these is 
the work made possible through the Hodgkins fund, under the 
auspices of which a series of different investigations have been 
carried on. The development of the National Zoological Park is 
spoken of and also the work of the Astrophysical Observatory. 
A series of appendixes give further detailed statements in regard 
to the various subjects by the different gentlemen in charge. 
From the report of Mr. C. G. Abbot, in charge of the Astro- 
physical Observatory, we quote extensively in another place (p. 
214). 

2. Report of the United States National Museum. Part I, pp. 
xxvii, 1021. Washington, 1899. (Annual Report of the Board 
of Regents of the Smithsonian Institution, showing the operations, 
expenditures, and condition of the Institution for the year end- 
ing June 30th, 1897.) — This volume contains the report of the 
condition and progress of the United States National Museum to 
June 30th, 1897, by Charles D. Walcott, in charge. A detailed 
account is given of the numerous additions to the various collec- 
tions and of the extensive work of exploration and investigation 
that has been carried on under the auspices of the Museum. 
Part II contains papers upon certain portions of the collections. 
Of these may be mentioned, one on Recent Foraminifera, by 
James W. Flint, pp. 249-349, illustrated by eighty plates ; also 
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two papers interesting to mineralogists, by Wirt Tassin, one a cat- 
alogue of a series of specimens illustrating the various properties 
of minerals; and a second, the detailed system of classincation of 
species adopted in the Museum. The remaining papers are upon 
ethnographical subjects; one of these, by J. D. McGnire, describes 
the pipes and smoking customs of the American aborigines; 
another, by Thomas Wilson, describes pre-historio arrow-points, 
spear-heads, and knives. Both of these are fully illastrated and 
will be found interesting by those at work in this department. 

3. Maryland Weather Service; Vol. I. William Bullock 
Clark, Director; pp. 1-566. Baltimore, 1899 (The Johns Hop- 
kins Press). — This first volume of a new series of reports on the 
Maryland Weather Service maintains the high standard set by 
the other Maryland scientific publications under the direction of 
Professor Clark. The Board of Control of the Maryland Weather 
Service consists of the Director ; the Secretary and Treasurer, 
Milton Whitney, representing the Maryland Agricultural College; 
and the Meteorologist, F. J. Walz, detailed by the Chief of the 
U. S. Weather Bureau. Volunteer observers scattered through- 
out the twenty-three counties of the state assist in the work, 
reporting regularly to the meteorologist. The field laid out for 
investigation is very broad and gives to the weather service an 
unusual scope, so that valuable results may be looked for. The 
present volume opens with an Introduction by the Director. 
Part II, pp. 41-216, following is devoted to a general report on 
the physiography of Maryland, by Cleveland Abbe, Jr. This is an 
interesting discussion of the development of the important fea- 
tures of the different provinces in the State, the Coastal Plain, the 
Piedmont Plateau, and the Appalachian Province. Part III, pp. 
219 to 548, contains the Report on the Meteorology of Maryland 
by Cleveland Abbe, F. J. Walz and O. L. Fassig, which has 
already been noticed in this Journal (p. 81). 

4. The International Mojithly, — This new periodical, '*A 
Magazine of Contemporary Thought," has recently been inaugu- 
rated. It is published at Burlington, Vermont, by the Macmil- 
lan Company (of New York), and is under the editorship of 
Frederick A. Richardson; the advisory board includes a large 
number of well-known names at home and abroad in a wide range 
of departments. The two numbers already issued show an active 
treatment of live subjects ; two of the articles included are of 
scientific character. 

5. Histoire des Mathematiques ; by Jacques Boyer, Pp. 256, 
with 19 portraits and 7 facsimiles of manuscript. Paris, 1900 
(G. Carre et C. Naud). This work forms a volume of the 
Bibliothhquc de la Revue Generate des Sciences, and presents 
in brief outline the history of Mathematics from Ahmes to 
Lobatchewsky. Where so much is comprehended the compres- 
sion is necessarily great. Thus China, Babylon, Chaldea and 
Eygpt occupy but seven pages. But by help of a vigorous style 
and judicious selection with the avoidance of technicalities, the 
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author has produced a volume that can be read with much profit 
and without fatigue by any cultivated person. 

6. The Earth Measured, By a member of the Chicago Mathe- 
matical Society. Pp. 40. — A useful collection of the results of 
geodetic measurementS'with related quantities for Sun, Moon and 
Jupiter. 

7. Ltitfaden far den Unterricht in der anorganischen Chemie. 
Didaktisch bearbeitet von Dr. Joachim Sperber. Erster Teil. 
8vo, pp. vi, 120. Zurich, 1899. (E. Speidel.) Mks, 2.40.— 
The first part of a simple laboratory manual used by the author 
with his own classes and serving as a guide to the more elemen- 
tary physical experiments. These are well described and fully 
illustrated ; in some cases with full page cuts. g. f. b. 

8. ia Tension de dissociation avant 11. JSainte Claire Deville. 
Introduction par P. Duhem k une raemoire De Vifrfluence de la 
pression sur les actions chimiques. Par Georges Aime (1887). 
8vo, pp. 32, Paris, 1899. (A. Herrmann.)— This brochure is 
intended to clear up a historic point in science. The thesis of 
Aime printed in 1837, as Duhem states in his introduction, 
seems to show clearly that this physicist had conceived the 
idea of a dissociation tension thirty years before it was devel- 
oped by Debray and Deville. g. f. b. 

Obituary. 

Professor Henry Allex Hazex, of the Forecast Division of 
the U. S. Weather Bureau, died suddenly at Washington on Jan- 
uary 23d, as the result of an accident. He was born January 12, 
1849, in Sirur, India, the son of missionaries of the Congregational 
church. He came to this country when ten years old and was 
educated at St. Johnsbury, Vermont, and at Dartmouth College, 
where he was graduated in 1871. After this for four years he 
was instructor in drawing in the Sheffield Scientific School at New 
Haven, and subsequently was assistant in meteorology and phys- 
ics under Professor Elias Loomis, being associated with him in 
meteorological researches and the preparation of "his "Contribu- 
tions to Meteorology." In May, 1881, he became connected with 
the Signal Service aud took a prominent part in the development 
of the scientific work of the Bureau in accordance with the plans 
of the chief signal officer, Gen. William B. Hazen. Besides the 
work specially belonging to him, as the deduction of altitudes by 
railroad levels, the study of the psychrometer, the proper exposure 
of thermometers, the study of thunder storms, etc., he devoted 
himself also to such subjects as barometric hypsometry and the 
reduction to sea level, the testing of anemometers, the study of 
tornadoes and the theories of cyclones, atmospheric electricity, 
balloon ascensions, the influence of sun spots and the moon, etc. 
During the administration of General Greely, he became a junior 
professor at a higher salary and was assigned to official duties of 
oroader aspect. He frequently took his turn as forecast official 
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and as editor of the Monthly Weather Review, also acting as 
assistant in the Records Divigion. In July, 1891, on the transfer 
of the service to the Department of Agriculture he was appointed 
one of the professors of meteorology in the Weather Bureau, where 
he was at once assigned to regular and congenial duties in the 
Forecast Division. 

His name is connected with the " Hazen Thermometer Shelter," 
which being shown to be better than the large close double louver 
formerly used, was adopted by the Bureau in 1885 and still 
remains in use. His experimental work with the sling psychrome- 
ter and dew-point apparatus was executed with great care and 
refinement, but the resulting psychrometer formula differs from 
those in current use in that it rejects the important term depend- 
ing on the barometric pressure. Among his larger publications 
were " The Reduction of Air Pressure to Sea-level *' and " The 
Climate of Chicago.'' In addition to his official work in the 
Weather Bureau, he was a frequent contributor to meteorological 
and other scientific journals. He was one of the supporters of 
"Science" during the years 1882-89, and of "The American 
Meteorological Journal," 1884-96. This Journal, between 1881 
and 1887, contained a number of papers by him. He also pub- 
lished, independently, works entitled " Meteorological Tables " 
and " The Tornado." 

Professor Ilazen was a man of strong convictions and thorough 
sincerity; he had an indomitable will, abundant energy and 
immense powers of work. His tenacity of purpose, independence 
and strength of feeling may have made him at times appear obsti- 
nate in adhering to his own position as against those who held 
diiierent views, but his character was true and his amiable and 
lovable disposition he showed to those most closely associated 
with him. His sudden death is a great loss not only to his per- 
sonal friends, but to the Department which he served so faithfully. 
Dr. Hanns Bruno Geinitz, the veteran German geologist, 
died at Dresden on January 28th in his eighty-sixth year. Half 
a century has passed since ho was made (1850) Professor of 
Mineralogy and Geognosy at the Polytechnic School in Dresden ; 
a little earlier (1846) he was placed in charge of the Dresden 
Mineralogical Museum, of which he later (1857) became Director. 
To these duties he devoted himself with great energy, but in addi- 
tion he was ever active, nearly to the close of his long life, in 
original investigations in geology and paleontology, and the list 
of his publications includes many and valuable papers; the first of 
these bears the date of 1839. He was a man of charming per- 
sonality, alike respected by his scientific colleagues and beloved 
by his personal friends. 

I^rofessor David E. Hughes, F.R.S., the English physicist, 
well known for his invention of a widely-used type-priming tele- 
graph system, also for his work in connection with the micro- 
5 hone, induction balance and other physical instruments, died on 
anuary 22d at the age of sixty-eight years. 
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Art. XXIII. — The Skull, Pelvis, ayid Probable Hel^ationskvps 
of the Huge Turtles of the Genus Archelon from the Fort 
Pierre Cretdceous of South Dakota ; by G. R. Wieland. 
With Plate IL 

The marine turtles of the Fort Pierre Cretaceous of South 
Dakota not only represent the most gigantic species known, 
but also are of much importance as including undoubted 
descendants of Protosteaa from the underlying Niobrara Cre- 
taceous, in common with yvhich they may be regarded as 
ancient relatives of Vermochelys, 

The first of these turtles was discovered and collected by the 
writer in 1895. The nearly complete carapace, pectoral girdle 
and limb bones of this specimen were described in this Journal 
(13)* the year following as those of the new genus and species 
Archelon ischyros. Additional material collected in 1897 and 
1898, and in part here described, proves this determination to 
have been correct, although in describing the fine plastron of 
the first specimen secured the generic name Protostega was 
needlessly substituted (15). This was done in deference to 
high authority, but careful comparison made possible by new 
material of both Protostega and Archelon places beyond 
further question the validity of the latter genus. 

The Skull of Archelon Ischyros Wieland. 

The skull, the description of which is here given, was secured 
by the writer in the summer of 1897, and belongs to the 
Second specimen discovered, this being nearly complete. Not- 
withstanding its gigantic size, it represents a turtle only three- 
ifths as large as specimen I. A fragmentary specimen (III) 

• See references on p. 260. 
A.M. JouB. Soi. — Fourth Series, Vol. IX. No. 62. — Apkil, 1900. 

n 
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indicates a tnrtle 4*25 meters long with a cranial length of 
fullj 1 meter. 




The main features of the present skull are well represented 
in Plate II, based on a photograph of it aa excellentlj moQDted 
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by Mr. Hngh Gibb, and now on exhibition in the Museum of 
Yale University. The plate is carefully interpreted in fig. 1. 
Still other features are shown in figs. 2 and 3, which are neces- 
sarily somewhat diagrammatic. 

Notwithstanding considerable lateral compression of the 
posterier portions, this skull is an unusually good one, all the 
main details needed for a restoration being well preserved. It 
only fails in the region of the brain cavity and the posterior 
extremity and connections of the vomer. Its description and 
comparison with its nearest known relative and ancestor Pro- 
tostega gigas from the Kansas chalk has been made all the 
more exact and satisfactory by the courtesy of Prof. W. M. 
Wheeler and Dr. E. C. Case, who generously placed in my 
hands for purposes of comparison the exceptionally fine mate- 
rial so ably investigated by the latter (5). This represents 
various disarticulated elements of the skull and a fine mandible. 
Between the two specimens the skull of these important forms 
of the Cretaceous may now be known with essential complete- 
ness. The description of parts follows. 

The PremaxiUaries, — These elements are strongly coossified 
and comparatively narrow laterally, but long and massive. 
The narial border is rounded and horizontal. The dental 
border is posteriorly less developed into a cutting edge than in 
other turtles, but anteriorly runs out into the most strongly 
decnrved beak known in any turtle, the aspect being that seen 
in birds of prey. The surface of the beak especially is deeply 
pitted, and in life must have been covered by a horn sheath of 
the relative decurvature and strength of that of the eagle* 
There is only a shallow excavation for the reception of the 
mandibular beak. 

The great length and other details are the exact antithesis of 
the short and notched premaxillaries of Dermochelys with a 
persistent suture. The inner features and union with the 
vomer are shown in fig. 2. The boundaries are, in spite of all 
disparities, essentially similar to those seen in Dermochelys, 

The Maxillaries. — The general maxillary outline is that of 
a broad Y lying on its side, the fork forming the anterior 
orbital boundary, and the wide base extending forward to an 
nnnsnal distance. Much of the great cranial length is due to 
the elongated maxillaries and premaxillaries. 

The narial border is only moderately npcurved to aid in the 
formation of the greatly elongated external nares, which face 
upwards and but slightly forwards, being much more nearly 
horizontal than in most turtles. 

The dental border is continued by the maxillary as a low 
cutting edge which soon becomes rounded and continues so to 
junction with the jugal. It should be noted here that the 
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entire dental border is pecnliar ; firstly, because of the 
decurved premaxillary ; secondly, because of the very slight 
concavity of the vomeral region, and the continuation of the 
dental border of the jugal as a rounded edge, which instead of 
ascending is most depressed at its junction with the auadrato- 
jugal, as will be again noted in the description of the latter 

elements. 

The maxillaries do not rise 
as high relatively to meet the 
prefrontals as is usual. There 
is in this conformation a sug- 
gestive resemblance to Lyto- 
loma {chelone) longiceps Owen. 
The Jugals. — These elements 
are subtriangular in outline, 
the basal side being longest, 
and extending back to the 
lower extremity of the quad- 
rato- jugal as an un-notched 
nearly straight, somewhat de- 
pressed and rounded border. 
The depression of the jugal is 
quite unique and gives great 
length to the unusual dental 
border thus formed. 

With the postfrontal the jugal 

>^GCRE2 ^rc^e/c>,ii.c^|/r.,Wielan(l. f ^j posterior tWO-thirds 

Mediau vertical section tb rough ante- . . i .; .i i_-j. i i j 

rior repiou of skull x J ; m, maxiiiarv-; of the orbit, the Orbital border 
n, nariai oi)eiriDg; 0, orbiiai bouDdary; being distinctly flattened and 

pf. prefronio-nasal : pi palatal; pm, ^^^^^ ^""^ broad posteriorly tO 
premax.llary; r. vomer. 3.3,^ ^^^^^^ anteriorly. Oulv 

the extreme anterior extension articulates with the palatal, 
making the boundaries those of Thalassochelys and not like 
those of Dermochelys, 

The Quadrato-juyals (Paraquadrate of Siebenrock 12).— 
These bones present exteriorly a large gently convex surface 
of broadly crescentic outline. The concave posterior border 
stands at a right angle to the outer surface and is 4*^" broad, 
forming a symmetrical surface with the quite similar posterior 
orbital boundary noted above. See tig. 1. 





in general outline. The posterior edge is concave and the 
whole bone is convex from above downward. The superior 
edge is narrow, and there is no prolongation of the antero- 
inferior portion as in Vermochelys (5, PI. V, fig. 7)." 
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The differences between these two quadrato-jogals are there- 
fore striking. Firstly, the outer area of that of the present 
specimen, which as just stated is broadly crescentic in outline, 
is relatively more than double that of Protoatega^ which is 
isosceles-triangular in outline with the equal sides slightly 
concave. Secondly, the flat free posterior border just outside 
the articulation with the quadrate as seen in Archdon^ is 
represented in Protoatega by an oblique surface mostly taken 
up by the quadrate suture. Lastly, the articulations must be 
essentially different. Since the outline in Protostega is dis- 
tinctly triangular, the union with the jugal and post-orbital is 
by two sutural lines making an angle of 60° with each other, 
instead of by a long curved sutural boundary as in Archelon, 
Now since the upper of these sutural lines is nearly horizontal, 
and the general outline in Protostega that seen in Dermochebjs^ 
it is probable that the latter and Protostega agree in squarnoso- 
jngal union. On the contrary, in Archelon there is marked 
squamoso-iugal separation. For reasons which I have pointed 
out elsewhere I do not lay great stress upon squamoso-jugal 
union or non-union alone (13). But the more salient fact to 
be borne in mind is that the great differences in general con- 
formation compel accompanying variations in the jugal, 
parietal, and squamosal which are fundamentally generic. 

The Squamosal. — This element is also present in both the 
Kansas material and the present specimen. The anterior por- 
tion extends upward to meet the parietal as a long narrow band 
nearly covered by the post-frontal, and does not expand nearly 
so much as in Protostega. The articular surface for the quad- 
rate is placed well up on the interior side, more as in Dermo- 
chelys than in either Protostega or ThaZassochelys. The lower 
border is shallow sigmoidal in outline and the posterior exten- 
sion instead of ending bluntly as in Protostega runs out into a 
heavy rounded point somewhat as in Trionyx spinifer. As in 
Protostega^ there is however no posterior inferior grooving of 
this extension. 

The Prefrontals. — These are somewhat rhomboidal in out- 
line. The junction with the postfrontal is long and prominent, 
and much as in Dermochelys. Of the four elements bounding 
the orbit the prefrontal takes least part. The prefrontals 
extend much further back from the external nares than in 
Dermochelys^ the general resemblances being intermediate to 
the latter and Thalassochelys. 

The Frontals. — These bones are narrow and relatively 
elongate. As the cranial roof underwent some crushing, it 
is diflScult to discern the precise position of the parietal bound- 
ary. Resemblances Thalassochelan. 

The Postfrontal. — The markings and boundaries of this 
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element are very distinct. It has an especially broad posterior 
development. Anteriorly it is greatly strengthened by the 
heavy post-orbital border, which runs up internally as a sharp 
but heavy buttressing ridge full 2*6*^ high in its middle part, 
and not disappearing wholly until the parietal is reached. No 
such ridge is present in JJermochelys, though a similar one of 
much less development is seen in Ihalassochelya, The bound- 
aries are approximately those of the latter form, union with 
the quadrato-jugal being very distinct. 

The Parietals, — These were deeply escalloped posteriorly, 
nearly as much as in the Chelydridce, As they had been sub- 
jected to crushing their outlines were not so distinct as in the 
case of the other external elements of the skull. Most unfortu- 
nately the vexed question as to descending processes of the 
parietals and parieto-pterygoidal union can not be definitely 
settled from the present specimen. There certainly was some, 
if not a strong development of these processes. 

Both Baur and Case (1 and 5) have stated that there were 
strongly developed descending parietal processes uniting with 
thepfcerygoids in Protostega. 

Whetner or not the absence of these processes in Dermo- 
chelya is as important anatomically as convenient in classifica- 
tion, it is to be hoped that future material will determine what 
the exact condition was in these Dakota descendants of Pro- 
tostega. 

The Quadrates, — These are both present in fair condition 
and but slightly crushed out of their natural articulations. 
They are short and unusually massive, particularly the posterior 
border as it extends from the stapedial notch to the squamosal. 
A portion of the right stapes was still to be seen in the stape- 
dial notch. As implied by the differences between the quad- 
rato-jugal and squamosal of Archelon and Protostega as pointed 
out above, the aspect of the quadrate and its boundaries as seen 
in the present fossil must vary sharply from that of Protostega. 
The quadrates of the latter are illustrated by Case (6J, while 
those of Archelon are seen as thrust slightly back in ]Plate II. 

The Vomer. — The vomer is present in place and is remark- 
ably developed. It is illustrated in fig. 2. As in Protostega 
(5) the anterior relations are distinctly uermochelan^ the vomer 
and palatines not roofing the posterior nares. But with these 
boundaries resemblance to this form ceases. Conforming 
to the great development of its anterior bounding elements, 
the vomer is unusually massive. It takes part in the palatal 
surface as a j)rominent conical projection in front of the 
posterior nares 2^" high. Taken in conjunction with the descend- 
ing premaxillary beak, this is quite the reverse relation to 
that seen in Colpochelys Kemjpii Garman, which has a flat 
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palate and no decarvatnre of the premaxillariee, bat an nptnrned 
ower jaw with a prominent cone at the inner vertex of the 
■atnial angle. 

The Bnperior snrface of the vomer forme a distinct saddle con- 
:racting as it rises from beneath the overlap of the premaxil- 
ariea and passes back to snpport the inner buttresses of the 
jrefrontala, between which it appears to end. Whether this 
vae the natural condition could not be precisely determined. 
There is a bare possibility that the vomer did not pass back to 
'orm the nsual vomero palatal union. But whether this was 
be case, or whether the palatals sent a median branch far for- 
ward must for the present remain undetermined. The poste- 
ior nares however were not bridged by a nether vomero- palatal 
inion, the condition being, owing to the deep gap between the 
lalatale and the prominence of the vomer, intermediate between 
Oermochelyg and Eretmoohelys. Vomero-premaxillar union is 
tronger than in either the latter genus or Arffilloohelya. 

Main Features of the I*ala- s 

al Aspect. — These are dis- 
inctly shown in tig. 3. The 
inly donbtfal points are the 
ixact size of the small basi- 
phenoid and the boundaries 
n the vomero-palatal region 
ust mentioned. Anteriorly 
he relations are partly Dermo- 
kelan ; posteriorly they are 
TKalassochdan, with the ex- 
«ption of the basal processes 
if the basioccipital, which are 
leavy and project downwards 
nd outwards as in Dermo- 
helys. They are however 
Quch longer antero posteriorly 
ban in this form. 

There isacontittual reminder 
hat we have here to deal with 

remarkable blending of the 
elations seen in the two genera 

nst mentioned, with certain „ , , i , , w . j 

1 , Vi "'-■.■''*" Figures. JreArion ucAurw Wieland. 

innsnal characters. Especially paiawi view x sbout A- J"«. pre- 

be great development of the maiillary; t, vomer;pn,posteriornarial 

Q&X nearly cutting out the "PeniQH; '". n;«illnrr; vp, theuncertain 

*j ,. • 1. • ?i , 1 vomero-palatal rcBion; p/. palatals forni- 

uadrato-jngal in the basal ^g a girder-iiko structure; ^juRai; p(. 

lew will be noted. Also the pterygoid; ba, baslBpheuoltl ; qj, quad- 

irder-like palatals are qnite "'^i''gaii 7- quadfate; s,5quaniogiii; oc, 
niqne, forming a prominent °'^'" '^°° ^ *■ 
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T-shaped bridge, with any vomeral connection very deeply 
set in the Eknll. (Compare figs. 3, 4, and 5.) 

The Mandible.* — This was preeeDt in position and was quite 
perfect with tlie exception of the posterior elements of the left 
ramus, which were dissociated, only the suraneular being 
recovered. The measurements appended may be taken as quite 




Thalattocktlya rarella, palatal view of skull x 1/5. 
I>ermoc}ielj/e coriacea " " '■ x 1/6. 

pm, prem axilla ry ; m, 0181111817; M palntal; i>, vomi 
gold; ba, baaispheaoid ; q, quadrate: 1, squamosal. 



; Pt pt"3 



accurate, the complementary and articnlar being the only parts 
much altered by pressure. As the latter is very much flattened 
and the parts bounding it hut little compressed, it may not 
have been well ossified. 

From the apparent shortness of the rami, no less however 
than in the land tuitle Macrochelys TemminckU, it may he 
fairly inferred that both the articular and the articular face of 
the quadrate were heavily encased in cartilage. This is also 
suggested by the loiiglieiied to spongiose appearance of both 
these parte. The horn sheath of the beak must also have been 
very heavy and somewhat upturned. 

The general relationship of the present form to Protoskgn 
is strongly excmplilicd by the lower jaw. The presplenial of 
Baur (2) is however apparently less prominent than in tliat 
fossil (see Case, 5), the suture between it and the eplemal not 

* I retain the original n omen cln lure for the mandibular parM, Dot beinfr m fet 
able to reconcile tliot proposed b/ Dr. Baur (2) with the cooditione fonad in the 
Teatudiusta, aad hoping lator to present a paper on the homologies of the rcplil- 
ian lower jaw. 
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being distinct. The presplenial region has rather the appear- 
ance of being a long anterior projection of the splenial (Baur's 
angular). On the contrary, the angular is a little broader and 
extends farther forward than in Protoatega. Again, the nar- 
row bnt nevertheless robust aspect of the anterior or syin- 
pbjsial portion of the dentary in Archelon is notable. Rela- 
tively to length the symphysial depth is great, and the weight 
of this portion of the jaw suggests a hammer-like action 
against the palatal cone. This would have been very effective 
in the crushing for food of large mollusca and Crustacea, if 
perchance the Archelones were in any wise similar in feeding 
habits to existing carnivorous sea turtles. 

Another well marked character is the persistent symphysial 
suture. While in half grown forms of Protoatega this suture 
is wholly obliterated, in the present specimen, which may have 
been from adult to three-fifths grown, the rami readily sepa- 
rated on this line. So pronounced a suture is rare. 

The ramial angle, which is 60^ in Thalaasbchelys and Derma- 
chelySy and 40° in Protoatega^ may not have been more than 
25° in Archelon, The latter is a very narrow form, and the 
vertex of the rami forms a nearly sharp instead of rounded 
angle. 

It is scarcely necessary to compare further. There is cer- 
tainly more resemblance in the mandibulum to Thalassochelys 
than Dermochelya^ but withal intermediate characters as in 
other parts of the skull. 

General appearance of the skuU, — The skull of A, Ischyros 
is long in proportion both to the body and to its width, but 
nevertheless massive. There is in the deeply notched parietals, 
the decurved beak, and the depressed vicious-looking fore- 
head, a distinct reminder of the features in such carnivorous 
land turtles as the Clielydridce, Every relation bespeaks a 
ferocious form. So far as may be inferred from physiognomy 
it is easy to conceive this turtle with his powerful pinching 
and clasping beak, as preying not only on crustaceans, but 
even upon the larger fishes and reptiles of the Cretaceous seas. 

The turtle to which this skull belonged was not more than 
ten feet in length, but had a remarkably broad and robust 
form. The flippers were short, broad, and of great power. 

Meaaurements of the Cranium of Archelo^i isckyroa Wieland. 

(From a cotype approximately three-fifths the size of the type.) 

M. 

Greatest length 72 

Width taken across the maxillo-premaxillar suture.. 'lOS 
Width across middle of vomer 145 
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Width through orbits -22 ± 

Height through center of narial opening *096 

Height directly back of narial opening '17 

Parietal height (greatest) .--*. •28± 

Width of narial opening '07 

Lengthof " " -12 

Greatest length of orbit '15 

" width " -116 

Length of the inferior edge of the premaxillary '11 

Length of inferior edge of the maxillary '20 

. Length of inferior edge of jugal '23 

Length from extremity of beak to posterior inferior 

extremity of the quadrato-jugal '58 

Distance from tip of beak to antorbital border *24 

Least distance from postorbital border to the pos- 
terior border of the qaadrato-jugal '166 

Measurements of the accompanying Mandible, 

Greatest antero-posterior length '466 

Width across articulars "26 ± 

Antero-posterior length of symphysis '12 

Width at vertex of ramial angle '155 

Depth of symphysis at vertex of the ramial angle.. '11 

Extreme length of dentalium '42 

Extreme length of angular (lower outer surface) .. ' '14 

The Pelvis of Archelon ischyros. 

The pelvis here described is entire, and in nearly perfect 
condition. As collected the parts were imbedded in an indu- 
rated marl in their natural position, with the exception of the 
ilia ; which were slightly inclined laterally. 

The notable features of the pelvis figured here are the great 
width, greater than the antero-posterior length, the very broad 
and symmetrical ectopubic expansion, and the diminutive size 
of the obturator foramen, which is entirely closed by the ento- 
pubis and ischium with the consequent reduction of the inter- 
obturator cartilage from a band to a small and solid rhombic 
area with concave sides. These are quite the reverse of the 
relations seen in ThalassoclielysJ To the general outline of 
the pelvis of Dermochelys there is strong resemblance, with 
the important exceptions that in the latter the ilium is longer 
and slenderer, while the obturator foramen though much 
reduced in size is not enclosed. 

The ectopubis increases quite regularly to its greatest thick- 
ness at the heavy anterior border. The entopubis is likewise 
thickest distally, that is near the median line. 

The ischia are short and broad, the middle anterior portion 
extending inward and forward to meet the pubis. 
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The ilia are short and rohnst, and carved into distinct elbows, 
the dorsa] angles of which are very promioeDt, though liga- 
inental attachment was confined to the distinctly rounded dis- 
tal ends. 

There are few pelves of fossil marine turtles known with 
sufficient exactness to make a close comparison with the present 
beantiful specimen wholly satisfactory. It no doubt conforms 
quite nearly to the pelvis of Protoatega which has been figured 




FlODBB S. ATthebia itchyr(a Wieland (Ijpe specimen). VentrRl ^ 
pelria of Bpecimen 12 feet in length, \ natural size ; p, pubis ; it, ileum ; is, iscbimn: 
0, obturstor forainea { hi, iuterobtumtor cartilaginoua area. 

by Case, though the specimens lie examined did not disclose 
the interesting conformation of the obturator foramen. 

The presence of this feature, still seen in certain land turtles, 
in distinctly marine turtles of the Mesozoic, is certainly inter- 
esting, and may be regarded as a persistent character inherited 
from a land ancestry. 
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Measurements of the pelvis of Archelon ischyros Weiland (type). 

Extreme antero posterior length '79 

Extreme width '81 

Width taken across the acetabular surfaces '40 

Shortest diameter of obturator foramen '05 

Longest diameter of obturator foramen '08 

Acetabular width '12 

Acetabular length '14 

'' Antero posterior length "46 

Width, greatest 405 

p ,. J Greatest thickness ^acetabular) -175 

^ * I Antero- posterior width of entopubis -25 

Thickness of entopubis (distal) -07 

Thickness of ectopubis (distal) '04 

r Extreme length '14 

" internal width '15 

Ischium -( " external ** '10 

Width at middle of shaft -06 

Thickness of *^ " " -033 

' Extreme length -30 

" width of the acetabular surface '093 

Ti J Thickness (least) at middle of shaft -046 

Ileum ^ Thickness (greatest) at middle of shaft -105 

Greatest distal diameter -095 

Least *' " -06 

Archelon Marshiiy sp. no v. 

A second species of the genus Archelon is indicated by a 
specimen collected by the writer on the east side of the 
Cheyenne River in the Bad Lands proper in August 189S. 
Like the others, this specimen was found in the uppermost 
Fort Pierre Cretaceous, just beneath the Miocene or White 
River formation. 

It consists in tlie plastron, humerus, ribs and a number of 
marginals indicating a turtle of great size, probably 11 feet in 
length. The humerus is rather straighter than in A. ischyroSj 
and the plastron is relatively more massive, being fully one 
half thicker than in that species. As a slight token of respect 
this species is named in honor of Professor O. C. Marsh, to 
whose interest the Mnsenm of Yale University is indebted for 
the possession of these gigantic I'estudhiates, 

Position of the Genus Archelon. 

While the genus Archelon presents many intermediate 
characters and strongly supports the view that DermochdyB 
belongs to the Crpytodira^ as strenuously insisted upon by 
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Case in Lis discaeeion of the relationships of Protostega (5), 
its exact position may not yet be asserted positively. Bearing 
in mind that the tartles are an ancient highly specialized and 
nnmerons group of great constancy of forcn, it becomes both 
convenient and necessary to separate genera and families on 
less distinct anatomical differences than in the case of more 
variant orders. Moreover more exact knowledge of the frag- 
mentary material of the Mesozoic is the first requisite; for 
many forms will be found like the present, disposing of old 
questions only to raise new ones. 

In general I am however inclined to accept Cope's Proto- 
siegidce (7) as containing the genera Protostega and Archelon, 
It is scarcely necessary to say, however, that there is a vastly 
greater interval between the Dermochelyidw and Protostegidm 
as thus constituted, than between the latter and the Cheloniidoi, 
I would lay especial stress upon the necessity of recognizing 
this general fact. 

The position of Protosphargis Veronensis Capellini (3) is 
very doubtful, firstly because its skull, nuchal and fore-arm are 
unknown, and secondly because of the uncertainty concerning 
the validity of the paraplastron^ as I have termed what I 
suppose represents the fused anterior plastral elements in Pro- 
tostega and Archelon (15). 

While the latter genera appear to be much too strongly 
specialized to represent more than a Cretaceous offshoot from 
the Demiochelan line of descent, Protosphargis may possibly 
be exactly in this line. The form of the plastron especially 
suggests such a position. The center of greatest interest has 
therefore in large measure shifted to Protosphargis, The dis- 
covery of further specimens of this genus will be of the tii*st 
importance. 

Attention should here be drawn to the interesting determina- 
tion of the marginal series of Protosphargis by Capellini (4). 
I may mention too that a single marginal was figured in the 
first description of A, ischyros (13) which is wholly character- 
istic. The entire marginal series in this form is unusual in the 
spiny development of both the dorsal and ventral interior 
marginal borders, which are strongly spine-set after the man- 
ner of the plastron. Case has figured a portion of the marginal 
series in Protostega (5), but his material did not bring to light 
such a full development of spiniferous marginalia as is seen in 
A, ischyros and Marshii, That these spines represent the 
disappearing remnants of a normally developed carapace is a 
reasonable supposition and nothing more. But whether 
representing advancing or receding ossification the slender and 
untoothed marginals of Protosphargis indicate a sharp interval 
in development between these forms. The latter is undoubt- 
edly a well marked genus. 
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With increasing knowledge of Protostega and its allies, that 
most interesting of questions pertaining to the Testudinata^ 
the origin of Demtochelys, remains quite as enigmatic as 
ever. Hence only the following tentative classification can 
now be presented, the writer hoping to again attack the 
general subject at a future time. 

Family — Peotostegidje Cope. 

Genera — Protostega and Archelon. 

{Doubtfully belonging to the Protostegidce^ Protosphargis Vera- 
nensis Capellini (3, 4), and still more doubtfully Pseudosphargis 
ingens von Kdnen and Dames (8).} 

Synopsis of Characters of the Protostegidm, 

Marine turtles with carapace of medium curvature. Neu- 
ralia and pleuralia thin and investing the ribs but slightly. 
Marginalia usually spiniferous on interior borders. Plastral 
elements of medium development with numerous digitations. 
Normal epiplastron unknown, the three anterior plastral ele- 
ments probably uniting into an entepi- or paraplastron. Body 
enveloped in a leathery hide? Skull intermediate between 
that of the Dermochelyidce and the CheloniidoB. 

Genus Protostega Cope. — Squamoso-jugal union probable. 
Quadrato-jugal triangular. Mandibular rami coossified. Radial 
process of humerus strong. Carpals and tarsals unknown. 
Complete outline of obturator foramen unknown. — Only 
species P. gigas from the Niobrara Cretaceous of Kansas. 

Genus Archelon Wieland. — Quadrato-jugal strongly united 
with the postfrontal, and of crescentic outline. Mandibular 
symphysis remaining distinct. Radial process of humerus 
weak, cctepicondyle strong. Carpals and tarsals undescribed. 
Obturator foramen small elliptical and enclosed. — Type of the 
genus, A, Ischyros Wieland. Second species, A. Marshii 
Wieland. Humerus straight and robust. Plastron unusually 
heavy. Both species from the Upper Fort Pierre Cretaceous 
of South Dakota. 
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Art. XXIV. — Application of the Radio- Micrometer to the 
Measurement of Short Electric Waves ; by G. W. Pierce. 

Klemencic* first made use of the thermal-junction as a 
means of measuring electric waves. His device consisted of 
two thin sheets of brass, Jf, 10^ broad and 30^" long, placed 
3^° ai)art and having soldered to them respectively a very fine 
platinum and a very fine platinum-nickel wire, which were 
crossed at Jc and were thence conveyed off at right angles and 
soldered at their other ends to the leads, /, of a sensitive gal- 
vanometer. This resonating system was fixed at the focal line 
of a suitable cylindric . i 

metal reflector. Elec- ^ 

trie oscillations be- fX 

tween M and M pro- 
duce heating at the 
knot, Tc^ which gives 

rise to a thermo-elec- 

tromotive force at the 

knot and consequently 

to a current through 
the galvanometer. By 
the use of this instru- 
ment, Klemencic has 
studied the reflection 
of electric waves from metals and sulphur, but on account of 
the length of his waves, he has not been able to obtain results 
possessed of quantitative accui'acy. 

Employing a similar device of smaller dimensions, Oolef has 
measured the coefficients of reflection from the surfaces of 
water and alcohol in the two principal azimuths, and from these 
coefficients has calculated, by the use of Fresnel's formulas, 
the index of refraction and the specific inductive capacity 
of these substances. Also, later,J Cole has measured by the 
use of a thermal junction the absorption of electric waves by 
w^ater and alcohol. P. Lebedew,§ employing a slightly different 
form of thermal-junction, has worked with waves of still smaller 
dimensions, and has obtained important results. 

In the i)resent paper, a description is given of an apparatus 

* Ignaz Klemencic: Ueber die Rettexioa von Strahlen eleclrischer Kraft. Wied. 
Ann., xlv, p. G2, 1892. 

+ A. C. Cole: Wied Ann, Ivii. p. 290, 1896. 

X Cole : Ph vs. Review, vol. vii, Nov., 1 898. 

§ Peter Lebedew : Doppelbrechung der Strahlen electrischer Kratt. Wied. 
Ann , Ivi, p. 1, 1895. 
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tbat I have found to be neefnl in qoantitatiTe experiments on 
electric waves. 

TAe Resonator. — For a receivinf^ instrument I have employed 
a resonating thermal- junction like that of Klemencic and Cole ; 
bnt instead of a separate galvanometer, I have made the ther- 
mal ejstem a part of the snepeneion in an apparatus similar in 
other respects to the radio-micrometer or Professor Boys. 
This arrangement is shown in sectional diagrams in iigs. 2, 3, 
and 4. 

Fig. 2 is a vertical section through the suspension and per- 
pendicular to the held magnet. Upon a base, B, provided 
with leveling screws, is placed a parabolic, cylindrical reflector, 




sawed from a block of wood and covered inside with a copper 
reflectmg snrface The cavity formed by this reflector is 
marked R, and the opening of the parabola is at the right. 
Above the reflector and separated from it by a sheet of brass 
is a horse-shoe magnet, M, with pole pieces coming near 
together and projecting into the brass tube, T, which contains 
the fiber of the sospension. Within the reflecting cavity the 
continuation of this tube is of glass, shown by dotted lines. 
The parabolic reflector has a focal length of 2™ and an oriflce 
16^" wide by 13™ high. The height of the pole pieces is a-S*" 
Ak. Jodb. 8oi.— Poubth Sbr]B9, Vol. iX, Ko. 52.— April, 1000. 
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and the distance from tlie bottom of the magnet to the thermal- 
junction is 6'7"°. The pole picceB are 4"" apart, and are 
covered with copper foil to prevent iron from getting on the 
eoil. 

A better idea of the suspenBion can be had from fig. 3, 
which is a section through the axis of the field magnet. The 
coil consists of a single loop, 2""" wide, of number 34, £ and 
S, silk-covered copper wire. After forming the loop, the ends 
of the wire are twisted together for a 
distance of about 5'5™ downward and 
are then separated to form the lead-ter- 
minals a^ a. The resonating Bjetem con- 
sists of two copper cylinders, o, o, 8™" 
long, and 1""" in diameter. These cyhn- 
ders are about l""" apart, and to their 
nearer ends are soldered respectively a 
constantin and a manganine wire reduced 
by aqua regia to have a diameter of 01 
or -02°"".* These small wires are crossed 
at t, conveyed off at right angles and 
j soldered to the leads, a, a, tlius forming 
a closed circuit with the coil. The res- 
onators, o, 0, are sewed by silk threads to a mica vane, v, und 
the lead wires arc fastened to tlie vane by sealing wax at k. 
The springiness of the leads keeps the finer wires in contact at/'. 
The clear space between the pole pieces of the field magnet 
is about 3'""', the sides of the brass tube being cnt away to 
admit them. The magnet, M, can be pulled back, withdraw- 
ing the polo-pieces, to allow the suspension to be lowered into 
the tube. When pushed forward again, it closes up snuglj 
around the coil and prevents air currents from coming into tlie 
cavity in wliicli is the suspension. 

When electric waves of proper length enter the cavity, B. 
tliey are eonvei-ged by the reflector and cause electric surging* 
up and down between the cylinders o, o, heating the thermal 

i 'unction k and producing a steady current through the coil. 
icing in a strong magnetic field, the coil turns so that its plane 
makes a small angle with the axis of the magnet. These sinatl 
deflections are read by an Elliott reading telescope of sncb 
good definition that tenths of a millimeter can be estimated i 
with considerable accuracy. 

The thermal-junction must be carefully protected from ' 

radiant heat. To effect this the magnet, the back of tlie 

reflector, and the suspension tube are covered by wood 3™ 

thick; the opening of the reflector is closed by a sheet of 

* For an ciplauation of tbe method of making these small wirea, »b« lisbtdaw'i 
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cotton wool of about the same thickness; and the whole 
instrnnient is then put nnder a pile of felt 5 or Q>^^ thick. 
The only part that is at all exposed is the mirror of the suspen- 
sion, which is viewed through a double glass window, and is 
further protected by screens from lamps in the room and from 
the body of the observer. 

The suspension is hung by a tine quartz iiber, of which the 
foi^ce of torsion serves as control. The weight of the system 
is '27 gram, of which the mirror weighs '05, and the resonating 
cylinders '144 gram. The period of a swing one way is i^ 
seconds. The resistance of the thermal-junction is about 2 
ohms. 

It might be supposed that the sensitiveness of the instrument 
could be increased by making the coil of about 30 turns, which 
would give it a resistance equal to that of the thermal-junction. 
I have lound, however, that the control by the field, due to the 
magnetic properties of the copper, is so great as to give a 
smaller sensitiveness with a large number of tarns than with a 
single loop. This instrument, because of the resistance of the 
thermal-junction, cannot be made to have the extreme delicacy 
of Mr. Boys's original radio-micrometer.* It has, on the other 
hand, a sensitiveness that is not easily obtainable by the use of 
a thermal-junction with a low resistance galvanometer, as is 
shown by the following rough test : 

A thermal couple of German silver and manganine wires of 
commercial size, when connected to a galvanometer with a 
figure of merit of 10'*, gave a deflection of 2^ when heat was 
focussed upon it from a distant lamp. The instrument de- 
scribed above with approximately the same heat, less the 
amount absorbed by the glass tube, gave a deflection of 40*=°^ ; 
to obtain which the German-silver-manganine couple would 
have required a galvanometer capable of giving a deflection of 
1*"", at a scale distance of 100^", for a current of 5 X lO""* 
amperes. 

Another advantage of the D'Arsonval arrangement is that it 
can practically be made dead-beat and is unaffected by outside 
magnetic disturbances. This is important in the measurement 
of electric waves, since, on account of the variable nature of 
the source of the waves, throws instead of permanent deflec- 
tions must be read; and to get consistent throws it is necessary 
to have the suspended system start from a state of rest, a con- 
dition diflScult to attain with a sensitive galvanometer even 
when shielded. The instrument described above has kept its 
zero within a very small range for over a month, and after a 
reading is taken comes rapidly to rest, disturbed only by the 
slight tremors of the pier on which it is placed. 

♦C V. Boys: Phil. Trans., vol. clxxx, A, p. 169, 1888-1889. 
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However, wlien the inBtrninent waci set ap, it was at first 
violently inflnenced by an electroBtatic action coming direct 
from tlie oscillator. This proved to be due to a small condeo- 
ser that bad been placed m series with the secondary of the 
induction coil for the purpose of diminishing the arc at the 
oscillator. By removing tliis capacity, and by coating over 
with tin foil tiie wooden cover of the top part of the receiving 
apparatus, a recurrence of this disturbance has been, prevented. 
T^e Oscillator. — Reference is made to 
fig. 5. Two platinum cylinders, O, tipped 
^~~^ with pieces of iridium, are fused into the 

nj/-^ ' n ends of small tubes of thermometer glass. 

^fl^^Ka.! t. These thermometer tubes are passed 

■ ■__l_2j|ip, through the robber stoppers of a larger 
tube, T, for holding oil. The larger tube 
has a diameter of 2™, and by wooden 
braces is held at the axis of a parabolic 
cylindrical reflector of the same dimen- 
sions as that of the resonator. The dis- 
tance between the platinum cylinders of 
the oscillator can be adjusted by means of 
the micrometer screw, s. Into the 
smaller tubes are brought two small plati- 
num wires connected by copper leads to 
U the secondary of an induction coil of 

f la medium size. These wires are separated 
by spark gaps, i, from the platinum cylin- 
ders. 

^ The spark-gaps, b, are about 2""" long, 

and serve to isolate the platinnm cylinders. 
Upon their length seems to depend in a slight degree the 
period of the oscillation, whicii by their adjustment can 
be made approximately equal to that of the resonator. The 
spark in oil, «, must be very short to prevent the damp- 
ing out of the oscillations. The wearing away of the ter- 
minals at this gap is a source of great annoyance by changing 
this damping factor, and consequently changing the qnan- 
tity of energy radiated as electric waves. Platinum is the 
only metal tliat I could fuse into the glass tubes that would 
not break the tubes under the heat of the spark, and platinum 
was found to wear away very rapidly, presumably on account 
of the action on it of the hydrogen freed by the decomposition 
of the oil. I have attempted to diminish this destruction of 
the oscillators by tipping them with pieces of iridium fused 
on with copper as a solder. The iridium disappears much 
more slowly than the bare platinum. Other oscillatora I have 
tipped witi silver, but the iridium serves better. However, 
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since only one of the terminals wears away, a pair consisting of 
one with a silver tip and one with an iridium tip is about as 
good as two of iridium. Also, the decomposition of the oil 
deposits carbon on the terminals, changing the oscillations by 
temporary short-circuits, making the readings irregular. I 
have not attempted to avoid this except by frequent renewal 
of the oil. It might perhaps better be done by forcing a con- 
tinuous jet of oil across the spark. As a liquid dielectric for 
the spark, a, I have used vaseline oil ; in this following the 
example of Mr. Righi. 

The Break of the Induction Coil, — To get a strong, con- 
stant source of the waves, it is important to have an interrupter 
for the primary circuit of the induction coil that is rapid and 
uniform. To this end I have employed a motor-break of the 
Foucault type. A platinum rod, attached directly by an eccen- 
tric to the shaft of an alternating-current motor, is plunged 
up and down in a cup of mercury. The motor is of the type 
supplied by the General Electric Company to run their small 
portable fans, and makes about 1,500 revolutions per minute. 
The surface of the mercury is kept clean by a stream of water 
that flows continually over it — a device previously employed 
by Mr. Maclean* in this laboratory. In spite of these precau- 
tions I have not been able to obtain a constant source of waves ; 
the oscillator slowly deteriorates, and the readings of the 
instrument get gradually smaller. This source of error is, 
however, quite regular, and in most of the work of comparing 
quantities can be fairly well eliminated by taking alternate 
readings and averaging. 

For good adjustment of the oil spark-gap a deflection of 
gem ^jj jjg obtained with the oscillator at 50'^'" from the resona- 
tor. For better regularity of the measurements, the spark was 
ordinarily adjusted so as to give between 1 and 3^"' deflections. 

Qv>antitativen€88 of the readings, — At the outset the ques- 
tion arises as to what relation exists between the deflections of 
the instrument and the intensity of the radiations that produce 
them. We should suppose beforehand that these two quanti- 
ties are directly proportional, for the deflections are propor- 
tional to the electromotive force at the thermal knot. This 
e.m.f. should be very approximately proportional to the heat 
developed there, which being of the dimensions of energy 
should be proportional to the intensity of the waves. 

Attempt to test this point by depriving the oscillator of its 
parabolic reflector and measuring the detiections produced in 
the resonator at various distances from the oscillator presents 
difficulty ; for, in the first place, if we start with the conclu- 
sions of Hertz's mathematical theory of the oscillator that the 

•G. V. Maclean, this Journal, vol. viii, July, 1899. 
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intensity at a point is inversely as the square of the distance 
from the source, we obtain from a linear source and a parabolic 
receiving reflector an inte&;ral that is difficult to treat. In the 
second place, we cannot eliminate the difficulties arising from 
diffraction. 

I have attempted in another way to get experimental evi- 
dence of the significance of the deflections of the receiving 
instrument. With the oscillator and the resonator both armed 
with their parabolic reflectors, the effect was measured of turn- 
ing the oscillator to an angle, a, with the resonator about the com- 
mon optical axis of the two reflectors. The oscillator was 
directly in front of the resonator at a distance of 52*^, and the 
angle of turning was read off in degrees on the scale at the 
back of the reflector of the former. The headings of the 
respective columns are the angles of turning. In the columns 
are the corresponding deflections of the receiving instrument 
in millimeters. Alternate readings were taken. 
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10-6 


8-5 












10-3 




12-0 


6-fl2 




10-0 




11-14 


9-13 


11-4 4-04 


1-3 


Ratio 


•819 




•652 


•355 




( -13 




Othei 


r values 


obtained 1 


or the last ratio 




\ '16 
/•17 



Averaging 



15 



Now if the wave is plane-polarized and we neglect the effect 
of the second metallic reflection on the nature of the polariza- 
tion, we should have for the component of the intensity in the 
direction of the resonator the formula 

Ij/I, = cos'' a. 

But when the instruments were at right angles there was a small 
deflection remaining which was not accounted for by this form- 
ula. This was shown to be due to the waves, for a metallic screen 
interposed nullified it completely. Whether this effect is doe 
to a mixed polarization of the waves or due to the action of 
the waves on the short, fine wires perpendicular to the resonat- 
ing cylinders in the thermal-junction, it shows a component of 
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lensitj at right angles to that accounted for in the above 
*mnla, and snggests the addition of a term •Idsin' a. 
If this is done we have 

I,/I, = cos* a + 'ISsin' a. 

ith this formnla, I have calculated the ratio of the intensities 
d placed them in the third column of the following table for 
mparison with the ratio of the deflections : 



a. 


d,/df obs. 


Ii/Ia calc 





1- 


!• 


30 


•819 


•79 


45 


•562 


•575 


60 


•355 


•362 


90 


•15 


•16 



It is seen that the observed values agree fairly well with 
Dse calculated from the formula. Though the experiment is 
t conclusive, it seems strongly probably that the deflections 
the receiving instrument are proportional to the intensity of 
8 waves. 

The wave-length in this and the next experiment was 4^4'^°*, 
^asnred by the method of stationary waves. 
Traiisparenoy of Wood. — Mr. Righi has shown that certain 
)ods transmit waves more freely when the grain is in one 
rection with respect to the oscillator than when it is in the 
rpendicular direction. Below is a short table of data con- 
ming Mr. Righi's observation. A piece of pine board 22^4: 
ntimeters square by 4^8 centimeters thick was interposed 
tween the oscillator and the resonator, and readings were 
ken with the grain perpendicular to the direction of the 
jctric oscillation, with the grain parallel to these oscillations, 
d then with the board removed. The readings are in milli- 
3ter8, and the dashes indicate the order of taking the observa- 
»n8. 

Out. Grain perp. Grain parallel. 

13-4 8-0 

16-4 12-8 7-9 

15^8 12*2 7-0 

17-1 12-2 7^0 

15^0 12^0 6-5 

14.5 10-5 6-9 

14'2 10^0 7-1 
14^2 



15-2 11-9 7-2 means. 

Percentage transmitted with the grain perp. is 78*3. 
" " " " par. is 47^4. 
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The transparency of this board with the grain parallel to the 
electric oscillation is abont 60 per cent of its transparency with 
the ffrain perpendicular. Another set of measurements gave 
for tiiis quantity the value 59*2. For these two orientations, 
white oak and white wood show very small differences respec- 
tively in their transparencies. The striking characteristic of 
pine in this respect is undoubtedly due to difference between 
its electric conductivity in and across the grain. 

A grating formed of strips of metal 2'^°* wide and 2*^ apart 
was found to transmit 96^ of the incident waves when the 
strips were across the oscillator, and 29^ when the strips were 
parallel thereto. 

A single rod of brass 3/16 inch in diameter, placed between 
the oscillator and the resonator parallel to the electric displace- 
ment, was found to screen off 40^ of the waves. 

These simple experiments are intended merely to show the 
adaptability of the apparatus to quantitative work with electric 
waves. Other investigations are in progress. 

Jeflferson Physical Laboratory, 
Harvard University. 
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Art. XXV. — Some remarks on the latest publications of FL 
Ameghino ; by Santiago Roth (Museo de la Plata). 

In the " Segnndo Censo Nacional de la Republica Argen- 
tina," 1898, i, p. 111-125, Fl. Ameghino published a paper 
entitled : " Sinopsis GeologicaPalaeontologica," in which he 
gives a systematic account of the fossil-bearing deposits of 
Argentina. His divisions and correlations of the different hori- 
zons are so positive, that any one, who is not well acquainted 
with the geology of the Argentine Kepublic, must believe that 
they are well supported. 

In July of the same year he published a supplement to this 

Eaper,* in which the sedimentary and eruptive formations 
etween Bahia Blancaand the Cordilleras described bymyselff 
have been inserted into his system. 

In regard to the latter point I should like to express briefly 
my own views, which differ from those of Ameghino, since I 
fear that the latter may be accepted as well founded — as 
has happened in other cases — when I have left them unnoticed. 
For instance, I described the new species of Toxodon elongatvs^ 
which Mercerat has declared to be identical with Toxodon 

figanteus. The latter is founded upon a femur from Monte 
lermoso, which, as may be seen at a glance, does not belong 
at all to the genus Toxodon. It was at first my intention to 
make no reply to this, but I have seen, much to my regret, 
that this failure on my part has induced Dr. Trouessart in his 
" Catalogus Mammalium " to give Tox. elongatus as a synonym 
of Tox. giganteuSy and to let Dilobodon stand as a good genus. 
Trouessart, of course, could only follow the literature, since he 
did not possess any material for comparison, and the same 
reason explains numerous other errors in the "Catalogus" in 
respect to the Argentine fauna. Trouessart lias taken all the 
doubtful facts given by Ameghino in good faith, although a 
part of them have been altered meanwhile by Ameghino himself. 
Whoever has taken pains to compare Ameghino's dates in 
his different papers must surely be struck with the idea that 
they cannot be taken seriously, since he frequently changes his 
opinions, and abandons views he propounded very positively at 
first. Thus in 1889J he placed the ratagonian beas above the 
Santacruzian, Paranense and Mesopotamian, and called them 
OHgocene ; in 1894§ he says, that the Santacruzian formation 

•Sinopsis Geoloffica-Paleontologica, Suplemeato (Adiciones y Conrecciones) 
Julio. 1899, La Plata. 

f ApuDlas sobre la Geologia y Paleoutologia de los Territories Rio Xogro y 
Xeuquen. Anal. Mus. La Plata, 1 898. 

\ Mamiferos fosiles de la Republica Argeutina. 

g Enumeracioo sjnoptique des espdces des Mammiferes fossiles des formations 
^oc^nes de Patagfonie. Buenos Aires, 1894. 
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lies above the classical Patagonian, and that the latter belongs 
partly to the Lower Eocene, partly to the Cretaceous. Tne 
Tehnelche formation has suffered a change still more incom- 
prehensible ; in 1889 (1. c.) we tind it on top of the Pampean 
formation, which is, according to him, Pliocene, and consiste 
of the stages: Ensenadense (ramp, inf.), Belgranense (Pamp. 
med.), Bonaerense (Pamp. sup.) and Lujanense (Pamp. lacus- 
tre); the Tehnelche ouglit to be, accordingly, Quarternary, 
which is the opinion of others. But in his. latest paper* he 
puts it in the Lower Miocene ! 

Ameghino has never seen any Patagonian deposits with his 
own eyes, and bases his divisions and theories, which he pro- 
pounds in every case as well proved facts, upon the reports of 
other investigators, chiefly upon the alleged observations of his 
brother Carlos. There is no doubt that his present division 
will meet the same fate as all the rest : indeed, it will be shown 
that it is even less tenable than those given previously by 
him ; and it is very significant, that he begins already new 
changes immediately after the conclusion of his latest paper. 

As to the correlations of the formations investigated by 
myself in the territories of Rio Negro and. Neuquen with this 
absurd division, I wish to make the following statements. 

1. In the "Suplemento" he says: ^' Piso Pyrot/ierieme. 
Mr. Roth has observed very extensively the beds of this stage, 
which he designates as " Toba (tufa) cretacea," in the terri- 
tories of Chubut and Santa Cruz, and has found in them, at 
different localities, bones of Sauriansand Mammals." The fact 
is, that I have never been farther south than the Rio Deseado, 
and that I have never found, in these Cretaceous tufas, any 
remains of the Pyrotherium fauna described by Ameghino, . 
but of a fauna entirely different from it. On my last voyage, 
however, I found representatives of a great number of genera 
and species belonging to his Pyrotherium fauna in deposits of 
a loess-like character and of much younger age, but so far no 
traces of the genus Pyrotherium^ itself. I have long doubted 
that the genus Pyrotheriuirh is represented in the same beds 
with the other genera of this fauna, and the same donbt has 
been expressed by Mr. Hatcher, who has traveled several years 
in Southern Patagonia, and has made extensive collections. 
And, indeed, Ameghino, after having met Mr. Hatcher, 
changes his former ideas as to the Pyrotherium (anna. In the 
conclusion of his supplement (1. c, p. 13) he says in a supple- 
mentary note : " According to information sent to me by 
Carlos Ameghino regarding the explorations made during his 
last voyage from Puerto Deseado, it has now been settled that 
what we have called the Pyrotherium fauna consists really of 

* Segundo Censo, etc. 
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two very diflferent faunas, which have been mixed no by him, 
becanse the beds in which the remains were found, have been 
met with in such a position that there seemed to be no break 
between them. Now he has found them separated in certain 
localities, and lying unconformably to each other, and it is pos- 
sible to recognize two faunas separated by a considerable geo- 
logical interval. The true Pyrotherium fauna, which may be 
known henceforth by this name, is the younger and belongs to 
the Upper Cretaceous, while the older, in which Pyrotherium 
is wanting and which has been called by Carlos the Notosty- 
lops fauna, belongs to the Middle Cretaceous." 

This new version does not agree with my observations, and 
it will finally be shown that Pyrotherium is not at all asso- 
ciated with these mammalian remains. The other genera, 
which he designates as belonging to the "Pyrotherium fauna" 
are positively not from those Cretaceous beds, which contain 
the remains of Mesozoic Saurians, but belong to Tertiary 
deposits, and have nothing to do with the Mesozoic mammals 
described by myself. 

In all the papers in which Ameghino treats of this fauna, he 
states that remains of rodents are frequently found associated 
with it. Among the mammalian remains discovered by myself 
I was struck by the complete absence of rodents. Although I 
have found this fauna again on my last trip in various locali- 
ties, I did not find in it remains of a single rodent. Of course, 
this does not prove that rodents are entirely wanting in this 
fauna, but since in other Mesozoic deposits no rodents have 
been discovered, it seems very probable that also in Patagonia 
this group did not make its appearance before Tertiary times. 

2. I cannot understand what Ameghino means by his " Piso 
Sehuense," which, with the Piso Pehuencheand Pyrotheriense 
is said to constitute his Guaranitic formation. He associates in 
this stage all possible deposits which are mentioned also in 
other stages : for instance, he says, that a tufa-deposit belongs 
here, in which I have found associated with mammalian 
remains a skull of a species of Megalosaurus, The mamma- 
lian remains, he alleges, belong to the Pyrotherium fauna, that 
is to say, to the Piso Pyrotheriense, but the skull of Megalo- 
naurus to the Piso Sehuense ! For this skull he creates a new 
genus, Longosaunis argentinus^ although he has never seen it, 
and says that a piece of a femur found oy his brother near Rio 
Sehuen belongs to the same species. (The skull has been sent 
to London for determination.) 

Further, he puts into this stage the marine deposit discovered 
by me near Koca on the Rio Negro, and says that the same is 
found well developed on the Li may and Pichpicuru Lenfu, as 
well as on the Collon Cura. I have traveled in the country 
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near the Limay four times, and have never seen a trace of 
marine deposits, and the same results have been obtained bj 
Drs. Moreno, Wehrli, Zabalowicz, Siemiradzki and others. On 
the Piehipienru Leufn, Mr. Hanthal has met with marine 
deposits in the upper part; tliese, however, belong to the 
Lower Cretaceous and have nothing in common with those 
from Roca. On the Rio Collon Cura itself there are — as far as 
it has been explored — no marine deposits ; but such deposits 
are present in what is called Angostura, several hours distant 
from the river. These, however, are of Jurassic age (Lias). 
These two marine deposits are no doubt much older than those 
near lioca, and it is impossible that they belong to one and the 
same stage. Upon what grounds Ameghino places the marine 
bedsof Kocain his Piso Sehuense, does not appear in his paper. 

3. Regarding the Tertiary tufa-deposits on the Collon Cura 
discovered by me, he says that they belong to the Patagonian 
formation. As to the latter, so much confusion prevails, that a 
more extended discussion, than is now possible, would be neces- 
sary to determine the validity of this correlation. It is snflB- 
cient to remark, that the tufas in question are of the same age 
as the marine beds on the coast near the mouth of the Bio 
Chubut, and that in both the same mammalian remains are 
found as in the Santacnizian. Ameghino bases his opinion, 
that the tufas of Collon Cura are older than the Santa-Cruz- 
beds, on the fact that remains of Propaohi/ruGOS 2ind ^utrachy- 
theres are present in them, which he regards as characteristic 
Cretaceous mammals. Euirachytheres^ however, or at least a 
very closely allied genus of the family Typotheridw^ is found 
in Patagonia in very much younger deposits, from which we 
have secured several species of the genus Toxodon and a 
species of Aregatlierium. Propachyrucos is so closely allied 
to Pachyracos^ found abundantly in the lower Pampean beds, 
that its presence in the Santacruzian is not at all strange. The 
very presence of these two genera, so highly specialized, in the 
so-called Pyrotherium fauna, is an argument for the young age 
of the latter, and if it were not for some more primitive fernas 
associated with them, we could agree with Mr. Hatcher's 
opinion, that the Pyrotherium fauna is younger than the Santa- 
cruzian. But, as is shown by stratigraphical evidence, it is 
really older than the latter. 

4. The sandstone-formation of the Rio Negro, which has 
been described carefully by Zapalowicz* and myself,t is placed 
by Ameghino in the Piso Rionegrense, which he believes to 
be Lower Miocene. Apparently his reason for this is, that he 
confuses the sandstone formation with the marine deposits, 
which are exposed in some places near Carmen de Patagones. 

* Das Rio Negro Gebiet in Patagonien. Denkschr. k. Akad. Wiss. Wien , 1893. 
f ApuDtes sobra la Geologia, etc., 1898. 



Publications of Fl. Ameghino. 265 

All the molluscs which he quotes from the Piso Rionegrense 
are found in the marine deposits of Chubut, which follow the 
coast up to the mouth of the Rio Negro, and which are much 
older than the Rio Negro sandstones. 

This sandstone deposit has a very wide distribution in Pata- 
gonia, and extends as far west as the Cordilleras. I have found 
It in all cases immediately below the glacial bowlder formation, 
and it belongs no doubt in the uppermost Tertiary, and corre- 
sponds possibly with the Cape Fairweather beds of Hatcher. 

5. The same seems to be true of the Piso Tehuelchense, 
which Ameghino puts also in the Lower Miocene. The marine 
deposits, however, which he refers to as belonging here, seem 
to be older. 

Ameghino apparently has not the slightest idea of the strati- 
graphy of Patagonia, otherwise such confusion would have 
been impossible, and he would not have published the errone- 
ous view that the Tehuelche formation, in which he includes 
the Patagonian bowlder formation, which is clearly Quaternary, 
belongs in the Lower Miocene ! 

I cannot enter upon a detailed discussion of the palaeonto- 
logical part of his Sinopsis : the same confusion prevails here as 
in the geological part. He retains all the genera and species 
created by himself, many of which cannot stand in the face of 
a candid criticism ; on the other hand, he declares many of 
those genera created by others to be synonyms of his own. 
For instance, without giving any proof he makes all the new 
species determined by me from the Tertiary deposits on the 
Collon Cura* synonyms of species described by nimself from 
the Santa-Cruz beds, and he does the same thing with my 
Mesozoic mammal8,t declaring all genera without exception 
to be identical with genera of his Pyrotherium fauna. Mr. 
Hatcher, who looked over some of the types of this latter 
fauna with Ameghino, when he was shown the Mesozoic mam- 
malian remains of our collection, remarked that he had seen 
nothing like this fauna either in Ameghino's collection or dur- 
ing liis travels in Patagonia, and that nothing of the kind was 
known to him from North America. Since Ameghino does 
not mention any facts supporting his allegations, there is no 
reason why I should cancel a single one of my genera, or why 
I should characterize them again. But in order to show how 
arbitrarily he acts, I reproduce here the figures of two species 
of Mesozoic mammals described by myself, and the figures of 
his species with which he says they are identical. I may men- 
tion also, that in several cases he declares a genus of which 1 
possess only the upper jaw, to be identical with a genus of 
which he has only the lower, or vice versa. 

• Apuntes, etc., 1898. 

f Aviso preliminar sobre mamiferos mesozoicos, Rev. Mus. La Plata, 1898. 
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In the " Sii piemen to," p. 12, be says : 

" Polyacroaon ligatu8 Koth p. 384, corresponds with Dido- 
]adus multicuspig Ameghino, 1897, 

Megalacrodon proiixu8 Rotli p. 384, corresponds witli I*<Aya- 
crodon lanciformis, Rotli p. 386, and Lamdaconua auinug, 
Amegh. 1897." 

I now beg to compare Fig. 1, which rapresents Didolodut 
mvttiauspis, with Fig. 2. which represents the npper molar, on 
which my Poli/acrodon ligalm is founded. While the latter 
with its very low crown in the form of cones reminds one very 
mnch of the Marsupials, the former shows the cones in Dido- 
lodtts already as characteristic features of the [Tugulates. 




( 



Nevertheless they arc said by Ameghino to belong not only to 
the same genus, but to the same species. 

In Fig. 3 1 have reprodnced Lamdaconus 8uinu9, and in 
Fig. 4tt and b MegaUierodon prdixua. Tlie molars of the lat- 
ter show an astonisliing likeness to those of Didelphye, while 
the tooth of Lamduconus exhibits clearly the shape of the 
Patagonian type of Ungulates. These two animals cannot even 
belong in the same family. 

Any further discussion seems to be nnneceasary. 
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Art. XXVI. — On a large slab of Uintacrinus from Kansas ; 
by C. E. Beecher. With Plates III and IV. 

A LARGE slab of limestone preserving on its surface numer- 
ous specimens of Uhxtacriniis socialis Grinnell has recently 
been placed in the exhibition series of the Yale University 
Museum. This slab is of especial interest on account of its 
size and for the perfection of the crinoids represented. Bather* 
has so ably described this species that nothing of consequence 
can be added regarding the details of structure and probable 
habits. The present notice, therefore, will necessarily be 
restricted to minor features. 

The first specimens of Uintacrimis were collected by 
Professor Marsh in 1870, from the Cretaceous of the Dintah 
Mountains, Utah. Later, in 1876, better exaniples were 
obtained in western Kansas by Dr. S. W. Williston and by 
Professor B. F. Mudge for the Yale Museum, which now con- 
tains collections of this crinoid from Trego, Gore, Logan, and 
Wallace Counties, Kansas. Notwithstanding this considerable 
geographic range, the horizon appears to be nearly constant at 
about the middle of the Niobrara Chalk. 

The specimens are uniformly on the underside of thin len- 
ticular plates of a limestone that in itself is an encriuital rock 
composed of dissociated crinoid elements. The lenses of lime- 
stone seldom have a maximum thickness of an inch. Usually 
the calyces of Uintacrinus are almost completely flattened, 
but occasionally, as in the slab here described, they stand out 
in considerable relief, though in none is the normal fullness 
preserved. 

The slab represented on Plate III measures six feet, seven 
inches, in length (2 meters) by four feet, six and one-half 
inches in breadth (J°^ 38*^") and, after making allowance for 
irregularities in outline, it contains about twenty-seven square 
feet of surface (25,800'*i ^'"). In this area are the calyces of 
two hundred and twenty individuals of Uintacrinus socialis. 
The diameter of a calyx of average size, in a somewhat flat- 
tened condition, is about 60"'™. Occasionally a specimen 
measures 70"™ across, and apparently this is nearly the maxi- 
mum size attained by the species. The smallest specimens are 
not more than 20"'™ in diameter. The arm-branclies can 
seldom be traced more than lO'^"' from the calyx, though sepa- 
rate ones extend at least five times this distance over the sur- 
face. 

*0n Uintacrinus: a Morpholop^ical Study. By F. A. Bather, M.A. Procced- 
inprs of the Zoological Society of London, vol. i895, pp. 974-1004, pie. liv-lvi, 
1896. 
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Most of the specimens are Ijing on the side with the arms 
extended ventrally in a plumose manner. A coneiderable 
number, however, present the basal aspect of the calyx, and in 
tliis position the arm-branches belonging to a particular indi- 
vidual can rarely be observed, since they seem to penetrate 
below the surface of the slab and lie in another plane. It will 
be seen that the calyces lying on their sides point in all direc- 
tions in the plane of the slab, though a considerable namber 
have their arm-branches extended toward the upper edge of 
the slab as it now stands. This could indicate at the most bat 
an extremely gentle current, and the presence of several small 
oysters {Ostrea larva Lam.) tends to show that the water was 
of moderate depth. 

Two slightly diverging grooves in the surface of the slab at 
the right, below the middle, suggest the mold of an object like 
a Baculite, but as no vestige of shell is preserved, it may be 
an accidental feature. 

Nearly all the specimens of VintacrinuSj as well as the 
limestone layer containing them, are of a light buff color, 
while the slight coating of shaly matter is abo light in hne, 
sometimes of a bluish tint, so that the contrast between the 
fossils and the matrix is not strongly marked, l^his defect liis 
been obviated by painting the entire slab with a mixture of 
gum-water and ivory black, which penetrated and adhered to 
the shaly and weathered surface of the limestone, but was 
easily washed from the calyces and arm-branches of the cri- 
noids. This treatment has rendered the slab an object of 
great beauty, with its medusse-form crinoids and the delicate 
tracery of the arm-branches against the dark background. 

Yale University Museum, New Haven, Conn., February 10, 1900. 

EXPLANATION OF PLATES. 

Plate III. — Slab of Uintocrinus socialis GrinueW^ containiog two hniidnd aid 
twenty individuals. Size 6 ft. 7 in. (2°>) by 4 ft. 6^ in. (1"* 88*0^ 
Niobrara Chalk. Near Rlkader, Logan County, KaDsat. 
Presented to Yale University Museum by Professor O. QL Maiifa. 
Collected by H. T. Martin. 

Plate IV. — A portion of the same slab on a larger scale. 



Am. Jour. Sci , Vol. IX, 1900. 
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Akt. XXVII. — Granodiorite and' other intermediate rocks ; 

by Waldemar Lindgren. 

Introduction. — Along the great mountain chain which fol- 
lows the Pacific Coast of America from Cape Horn to Alaska 
the intrusive rocks and the phenomena accompanying them 
are displayed upon a scale hardly rivaled elsewhere. More- 
over, these intrusions have taken place in comparatively recent 
times, during Jurassic, Cretaceous and even Tertiary times. 
The result was the formation or the accentuation of the great 
ranges now overlooking the Pacific Ocean. The uplift which 
accompanied the displacing intrusion of enormous masses of 
magma, was followed by a period of erosion of scarcely appre- 
ciated magnitude. This erosion brought to light the deeply 
buried, intruded granular rocks as great, irregular bodies, 
batholiths^ sometimes continuous for hundreds of miles. Before 
these remarkable relations had been elucidated, the granular 
rocks of the Pacific Coast were often regarded as Archean ; 
and a close scrutiny of supposedly older areas brings almost 
yearly additions to the Mesozoic and Tertiary batholiths. 

Looking over the results thus far obtained by investigations 
of these rocks, one cannot fail to note the prevalence oi rocks 
occupying intermediate places between granite and quartz- 
diorite. The latter are fairly common ; the true granites are 
relatively rare; most common appears an intermediate rock in 
which the soda-lime feldspars predominate over the orthoclase^ 
and in which the silica varies from 60 to 70 per cent. 

Granodiorite^ origin of name. — Soon after the beginning of 
the geological mapping of the Sierra Nevada in California in 
1886, it became apparent that the rocks of that region which 
had previously been referred to as granite were, to a large 
extent, of intermediate character and could properly be referred 
neither to the granites, nor to the quartz-diorites. Besides 
these intermediate rocks, quartz-diorites, diorites, and gabbros 
were recognized. The prevailing intermediate rock from dif- 
ferent parts of the Sierra Nevada was studied by the geologists 
then working there (G. F. Becker, H. W. Turner, and W. 
Lindgren) and was found to have a fairly constant character, 
consisting of a medium to coarse-grained aggregate of quartz, 
oligoclase or andesine, ortlioclase, biotite, hornblende and 
various accessory constituents, among which titanite was most 
prominent. 

A series of separations by the Thoulet solution were made 
by the writer of rocks from various points of the Sierra Nevada, 
partly from the foothills, partly from the Yosemite Valley, and 
partly from the eastern slope of the Sierra, in the State of 

Am. Jour. Soi. — Fourth Series, Vol. IX, No. 52.^ April, 1900. 
19 
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Nevada# The series also included a variety carrying large 
orthoclase crystals, and extensively developed in Tuolumne 
County. The result showed that all these rocks were charac- 
terized by about the same amount of quartz and that in all of 
them the soda-lime feldspar (andesine or oligoclase) greatly pre- 
dominated over the alkali feldspars, both always being present. 
A great number of slides had been examined, but at that 
time (in 1891) the analytical data were less complete than 
might have been desired. The first analysis considered as rep- 
resenting the composition of granodiorite was the one pub- 
lished by Mr. Clarence King in the volumes of the " Explora- 
tion of the 40th Parallel," the locality being El Capitan. 
Tosemite Valley. This analysis runs as follows : 

SiO 66-40 

A1,0, 17-13 

FeO Z'11 

MnO -30 

CaO 4-06 

MgO -97 

K,0 2-08 

Na,0 4-49 

Ignition 1 -03 

100-22 

For the rock described above the name of granodiorite was 
proposed, the term being suggested by Mr. G. F. Becker. The 
name was intended to cover intermediate acid rocks which 
were more closely related to a quartz-diorite than to a granite, 
but was not proposed as a synonym for quartz-mica-diorite. 

Further definitions, — In the text to the older folios of the 
gold belt the term granodiorite is defined as follows (Sacra- 
mento Folio, No. 5, 1894) : It should be remembered that 
these brief descriptions are chiefly intended for the non-tech- 
nical reader. 

" Granodiorite (quartz-mica-diorite). — A granular intrusive 
rock having the habitus of granite and carrying feldspar, 
quartz, biotite, and hornblende. The soda-lime feldspars are 
usually considerably and to a variable extent in excess of the 
alkali feldspars. This granitic rock might be called quartz- 
mica-diorite, but this term, besides being awkward, does not 
sufficiently suggest its close relationship with granite ; it has, 
therefore, been decided to name it granodiorite. 

In the later folios (Truckee No. 39, 1897) the definition is 
slightly altered in form and reads as follows : 

" Granodiorite, — A granular intrusive rock having the 
habitus of granite and carrying feldspar, quartz, biotite and 
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hornblende. The soda-lime feldspars are usually considerably 
and to a variable extent in excess of the alkali feldspar. This 
granitoid rock occupies a position intermediate between a 

frranite and a quartz-diorite, and is in fact closely related to the 
atter. The large areas occupied by it and the constancy of 
the type justify the special name." 

In 1893 I attempted to limit the rocks from a chemical 
point of view.* On account of the few analyses available 
this first attempt could not be as precise as the later definitions, 
but requires only slight correction. The statement ie as fol- 
lows : " A light gray granitic rock occupies the larger part of 
the area of the map . . . The rock is in general identical 
with the gray so-called granite that occupies such large areas in 
the Sierra Nevada and which probably extends through 
Southern California far down into the peninsula of Lower 
California. The rock consists in typical development of feld- 
spar, quartz, biotite and hornblende with medium-grained, 
hypidiomorphic structure. The soda-lime feldspars are usually 
considerably and to a variable extent in excess of the alkali 
feldspars. The silica varies between 60 and 73 per cent ; the 
amount of lime is variable but it rarely exceeds, while it usually 
falls somewhat short of, the sum of the alkalies. While in 
some varieties that cannot be distinguished from the others in 
the field there is more potash than soda, a frequently occurring 
relation is 2 per cent K,0 to 4 per cent Na,0. It will be seen 
that the rock very closely approaches some quartz mica-diorites 
and often might be indicated by that name. This term, how- 
ever, besides being clumsy does not suflBciently express its close 
relationship to granite, brought out by its frequently high per- 
centage of silica and low percentage of lime, by its variable 
percentage of alkali feldspar, and by the muscovite sometimes 
occurring in it." 

The last part of this sentence refers to a facies from Rocklin, 
Placer County and other places which probably should not be 
included in the granodiorites. 

In a report on the veins of Grass Valley and Nevada City, 
Cal.,t the following definition is given : 

"Under the name granodiorite are included coarsely granu- 
lar rocks, intruded and consolidated at considerable depths 
below the surface, having a normal granitic (eu-granitic) struc- 
ture, and a mineralogical composition of quartz, soda-lime 
feldspars, orthoclase, hornblende, and nearly always biotite. 
Titanite and magnetite are always present as accessory con- 
stituents. This rock, which in the Sierra Nevada occurs in 
enormous areas, forms an intermediate group between the 
quartz-mica-diorites and the granites, being, however, more 

*Thi8 Journal, Ixvl, 201. The Auriferous Veins of Meadow Lake, Cal. 
f 17th Ann. Kept., 1896, U. S. G. S., Part II, p. 35. 
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closely allied to the quartz-mica-diorite than to the granite. 
Comparison of nnmeroas analyses from various parts of the 
Sierra Nevada shows that the chemical composition varies 
between that of a quartz-mica-diorite and a quartz-monzonite 
(adamellite, banatite, Brogger). Its geological occurrence and 
in general entirely similar habit preclude the possibility of 
dividing it into subgroups. 

The rock is very characteristic and cannot easily be mistaken. 
The feldspars arc generally white; the quartz is not very con- 
spicuous and does not occur in large grains, as in some true 
granites of the High Sierra; the hornblende is dark-green, 
often in long, rough prisms ; the biotite is of the usual dark- 
brown color. The general eflFect is a light-grayish color." 

The following table is also quoted from the same place : 

Limits of Yabiatign and averagf Compobitign of Gbanodiorite. 

Limits of variation. Average composition. 
Per ceDt. Per cent. 

SiO 59to68i 65- 

A],0, 14 10 17 16- 

Fe,0, lilo2i 1-50 

FeO li to 4 3- 

CaO 3to6^ 6- 

IVl^O 1 to 2| 2- 

K,0 1 to 3i 2-25 

Na,0 2ito4i 3-50 

Remainder 1-75 



100- 

In 1897* in a paper on the granitic rocks of the Pyramid 
Peak Folio, I characterized the granodiorite of the High Sierra 
as follows: Comparing the analytical and microscopical results 
with the field notes, it is clear that the granodiorite, as it 
appears in the High Sierra, is a rock of well-defined and fairly 
constant composition, structure and appearance. It is neither 
a normal diorite, nor is it a granite ; it is clearly an intermedi- 
ate type, occupying a place between normal quartz-mica-diorite 
and quartz-monzonite (Brogger).f All transitions toward 

♦This Journal, vol iii, 1897. p. 312. 

f Though it is often difTicult in practice to separate the normal qaartz-mica- 

diorite from ihe granodiorite, it would seem suitable lo restrict graDodiorite to the 

followiug limits: 

SiOa 69-69 per cent 

AUOa 14-17 " 

FcaOa. : U-2i *• 

FeO H-^\ '* 

CaO 3-6i 

MgO.... \-l\ 

KaO l-3f 

Xa,0 2i-4i *• 



li 
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diorite and, more rarely, toward granite, may be found, but 
they are local and do not cover larg^e areas, wnile the normal 
granodiorite is the i>revailing ix>ck of the Sierras. Comparing 
the type here described with the granodiorites of the manj 
smaller areas enclosed in the slates on the western flank of the 
range, it can be stated that the latter as a rule approach more 
closely to the quartz-diorites, the percentage of lime being 
higher and the percentage of potash more often smaller than 
equal to that of soda. A few of these smaller granitic areas 
could, in fact, almost as well be indicated as quartz-mica- 
diorites. In the general habit, however, in the percentage of 
quartz, hornblende, and biotite, and in the constant presence of 
titanite, they are entirely similar to the granodiorites of the 
High Sierra. Microcline, not common in the granodiorites of 
the foothill region, occurs abundantly in those of the High 
Sierra. 

A. Table of Complete ANALYSsa 

GraDodiorite. 

I. II. III. IV. V. YI. 

SiO, 65-64 66-66 63*86 67-46 6640 69*48 

TiOa -39 -38 -58 -68 '93 

AlaO, 16-52 16-15 15-84 15-61 17 13 17 26 

FoaO, 1*40 1-52 191 176 2-15 

PeO 2-49 2-36 2*76 2 21 3*77 406 

MnO 06 -10 -07 11 

CaO 4*88 4-53 4*76 3*80 405 6-60 

SrO tr. tr tr. 

BaO -07 -06 09 

MjrO 2-52 174 2 07 TIO -97 2*67 

K,0 1-95 266 308 3*66 208 2*27 

Na,0 4-09 3-40 329 3-47 4-49 3 53 

Li,0 tr. tr tr. 

H,0 below 100^0 18 -28 14 .... 09 

H,0 above lOO'^C '59 -72 165 -63 103 -71 

PaO* -18 10 -13 -12 -33 

100-73 100-65 100-32 100*23 100*22 100*17 

I. LiooolDf Plaoer Co.. Sacramento Folio, W. F. HillebraDd analyst. 

II. Nevada City, Nevada Co., Smartsville Folio, W. F. Hillebrand analyst. 
IIL Grass Valley, Nevada Co., Smartsville Folio, W. F. Hillebrand analyst. 
IV. 103 Pyr. Pk., Silver Lake, Pyramid Pk. Folio, Geo. Steiger analyst. 

V. £1 Capitan, Yosemite, CI. King. 
YI. 398 Placer Co., Donner Pass, Truckee Folio, W. F. Hillebrand analyst. 

The following of the rocks in table B belonorto smaller areas 
enclosed in inetamorphic rocks : IV, V, VII, VIII, IX, X. The 
following nambers represent the great areas in the higher part 
of the Sierra Nevada : I, II, III, VI, XI, XII, XIII, XIV, XV, 
XVI, XVII. 
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B. Table of Partial Akalysbs of Granodioritbs. 



SiO, 
CaO . 

NaaO 



I 


II 


III 


IV 


V 


VI 


VIT 


VIII 


59-48 


63-54 


62 17 










65-54 


6-50 


611 


5-80 


5*64 


564 


5-41 


537 


4-88 


2-27 


1 91 


2-2H 


118 


1-18 


1-82 


1-60 


1-95 


3-51 


2 97 


2-86 


3-74 


3-74 


3 15 


3-81 


409 



IX 



63-85 
4-76 
3-08 
3-29 





X 


XI 


XII 


XIII 


XIV 


XV 


XVI 


XVII 


SiO, 


66-6f. 
4 53 
2-65 
3 40 


65-88 
4-11 
2-88 
241 


6714 
4-07 
2-70 
309 


66-40 
405 
208 
4-49 


68-13 
3-51 
358 
313 


67-45 
3-6Q 
3-66 
3 47 


6832 
3-21 
337 
2-51 


69-85 


CaO 

KaO 


308 
2-28 


NaaO 


113 







LOCALITIRS OF SPECIMENS IN TAB LB B. 

I. 398 Placer Co . Donner Pass, Truckee Folio. Geo. Steiger aDalypt. 
II. 225 Nevada Co., 2 miles S. of Faucherie Lake, Colfax Folio, Geo. Steiger 
analyst 

III. 221 Nevada Co.. 1 mile S. W. of Faucherie Lake, Colfax Folio, Geo. 
Steiger analyst. 

IV. 338 El Dorado Co , li mi. S. of Fairplay, Placcrville Folio, W. H. Melville 
analyst. 

v.. 293 Placer Co., Penryn, Sacramento Folio, W. H. Melville analyst. 
VI. 305 Kl Dorado Co. Point between Soldier Creek and South Fork of 
American River, Placerville Folio. W. H. Melville analyst. 
VII. 104 El Dorado Co White Rock Cr., Placerville, Placerville Folio, W. H. 

Melville analyst. 
VIII. Lincoln, Placer Co., Sacramento Folio, W. F. Hillebrand analyst 
IX. Nevada City. Nevada Co , Smartsville Folio, W. F. Hillebrand analyst. 
X. Grass Valley, Nevada Co.. Smartsville Folio, W. F. Hillebrand analyst. 
XI. 177 Pyramid Pk., Meeks Creek, Lake Tahoe, Truckee Folio, Geo. Steiger 
analyst. 
XII. 86 Pyramid Pk., Rockbound Lake, Truckee Folio, Geo. Steiger analyst. 

XIII. El Capitan. Yosemiie, CI. King. 

XIV. 60 Pyramid Pk., H mi- S. of Rubicon Point, Truckee Folio, G«o. Steiger 
analyst. 

XV. 103 Pvramid Pk., Silver Lake, Pyramid Pk. Folio, Geo. Steiger analyst. 
XVI. 120 Pyramid Pk., Big Mud Lake, Pyramid Pk. Folio, Geo. Steiger 
analyst. 
XVII. 231 Nevada Co., Rattlesnake Cr., 2 m. N. E. of Cisco, Truckee Folio, 
Geo. Steiger analyst. 

Characteristic features a7\dU7nit8 of granodiorite. — Under 
the terra granodiorite are included light-colored granular rocks, 
composed of quartz, oligoclase or andesine, orthoclase, biotite 
or hornblende or both, titanite, magnetite, apatite and zircon. 
The average grain ranges from 1 to 4^"™, but certain of the min- 
erals sometimes considerably exceed this. Thus the hornblende 
prisms are often 10"""' long and those of orthoclase may be still 
larger. The fresh outcrops are brilliantly grayish white, and 
even when decomposed the amount of ferric oxide set free is 
rarely sufficient to impart a red color to the rock. 

In thin section the structure is typically hypidioraorphic 
The biotite and hornblende are sometimes, the soda-lime felds- 
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spars nearly always partly idiomorphic ; these minerals are 
usually cemented by a later consolidated mass of orthoclase and 
quartz. The orthoclase may, in types relatively rich in K,0, 
assume the form of microcline ; albite and perthitic growths 
are ordinarily absent, but the latter have been noted in small 
amounts. The soda-lime feldspar generally ranges from Ab^ An, 
to AbjAn, ; and is always either a basic oligoclase or an ande- 
sine ; acid oligoclase or varieties containing more lime than 
andesine are absent. The biotite is a dark brown normal 
variety with small but distinct angle between the optic axes. 
The hornblende is green or brownish-green with a maximum 
extinction of 18**-2()®. Pyroxene (augite) is known as kernels 
in hornblende, though the latter is certainly not of secondary 
origin. It is by no means impossible that granodiorites with a 
notable amount of pyroxene may be found, but they certainly 
are not very common and represent no widely spread type. In 
the normal types both biotite and hornblende are usually pres- 
ent. But either one may occasionally be sparingly represented 
or even absent. Titanite is an always present constituent of 
the rock. Magnetite is only present in small quantities. 

G. Table of Mineralooioal Composition of Granodiorite. 

Numbers correspond to Table A. 

II m IV 

Potassium feldspar... 15* 18* 17'75 

S Sodium leldspar 29-^ 2S'^' 29-41'^'' 

^ Calcium feldspar 15-^ 12-10^' ll-Ql^" 

Hornblende"".! !'".[].". [ ^^* 16-60 \^^'^^ 

Quartz 22- 20-80 25*71 

Apatite -24 -30 -30 

Magnetite 1-50 1*50 -84 

Titanite 1- 1-40 1-40 

Total 99 74 98-70 100-11 

a + b=44- =Ab,An,, with 34 per cent An. 

a^+ b^=40-l =Ab,An„ with 30 per cent An. 

a^+ b^ = 41-32 = Ab,Ang, with 29 per cent An. 

The chemical composition of the granodiorites in the Sierra 
Nevada is characterized by a percentage of silica neither very 
high nor very low, ranging from 51) to 69 per cent. The iron 
and magnesia are relatively low, the lime on the contrary rang- 
ing between 3 per cent and 6*50 per cent, though the latter 
limit is rarely reached. The sum of the alkalies ranges from 
4-92 to 7'13 and thus may notably exceed the lime, but never 
fall short of it more than one per cent. As to tlie relation 
between K,0 and Na,0 the latter is apt to predominate, rang; 
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ing from 2*50 per cent to 4^ per cent. K,0 varies in the 
analyses from 1*18 per cent to 3'66 per cent and may equal or 
even slightly exceed Na,0, especially in the more acidic types 
from the High Sierra. Where the percentage goes below 1* 
the rocks should certainly be classed as quartz diorites. 

The above tables give complete analyses of six grano- 
diorites, partial analyses of seventeen rocks, and the calculated 
raineraloffical composition of three rocks. 

Regarding VI in Table A and I in Table B of incomplete 
analyses, it should be stated that, owing to the low percentage 
of silica and large amount of iron and magnesium, it stands 
close to the limit and may be considered as a quartz-diorite or 
a granodiorite. That it has been« included in this table is due 
to the fact that these changes from the composition of a normal 

franodiorite have only been effected by the addition of hom- 
lende without much altering the proportion and composition 
of the feldspars. 

Another somewhat doubtful rock is XVI in the second table, 
which has a high percentage of K,0 coupled with an unusually 
small amount of Na,0, and it is probable that it represents a 
local facies of the prevailing rock. Its composition would 
probably place the rock close to the quartz-monzonites. 

The last tables give the calculated mineralogical composition 
of three representative rocks. For the determination of the 
potash feldspar all of the K,0 except the quantity needed for 
biotite has been used. Similarly all of the Na,0, deducting a 
small amount for the hornblende, has been calculated as albite. 
All of the albite has been added to the anorthite as soda-lime 
feldspar. The potash-feldspar undoubtedly contains some soda 
but that it is only a small amount, is shown by the fact 
that mieroperthite, albite and anorthoclase are not generally 
present and, furthermore, because the calculated soda-lime 
feldspar closely agrees in composition with that inferred from 
optical measurements. 

Regarding the "average composition" quoted above from 
my report on Nevada City and Grass Valley, it should be borne 
in mind that most of the analyses available in 1896 were made 
of the more basic type of granodiorite, so that the lime is a 
little higher and potash lower than would be the case if the 
large areas of the somewhat more acidic type of the High 
Sierra were considered. It is clear besides tnat it will be very 
difficult to obtain such an average, for not only the analyses but 
the weight in proportion to the rock masses should be consid- 
ered. 

I have no radical change to propose in the chemical limits of 
the rock given in the paper on the Pyramid Peak region, 
referred to on page 272. Only, as to the percentage of silica it 
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should be stated that the granodiorites of the Sierra Nevada 
vtLVj between 59 and 69 per cent ; but jnst as granites and 
qnartz-diorites inclade rocks with up to 74 per cent or even 
more of silica, so should the family of the granodiorites include 
similar acidic types, though they do not appear to be of very 
common occurrence. 

In regard to the lime it may be said that the upper limit 
(6'50 per cent) is rarely reached and when at the same time the 
potash approaches 1 per cent the rock should rather be classed 
as a quartz diorite. When the percentage of silica falls below 
59 the percentage of orthoclase is usually also lowered to such a 
degree that the rocks become diorites. 

With high silica in rocks which otherwise correspond exactly 
to the composition of a granodiorite the lime is apt to fall low 
and may in rocks closely related to monzonites even descend 
to 2*80 per cent. 

The truly characteristic features of the granodiorites is that 
the soda-lime feldspar, which always is a calcareous oligoclase 
or an andesine, is at least equal to double the amount of the 
alkali feldspar. The latter may be taken to vary from 8 per 
cent to 20 per cent. Below the lower limit the rock becomes 
a qufertz-diorite : above the upper a quartz-monzonite. 

Distribution of types. — As with all other classes of rocks, 
granodiorite presents somewhat varying types in different 
localities. Many of the intrusive areas in the foothill region 
and on the middle slopes of the Sierra Nevada are associated 
with normal diorites, quartz-diorites and gabbros. As a con- 
sequence of the generally more basic character of the magma, 
the granodiorite of the foothills shows a basic type with 
relatively higher percentage of lime and lower of potash (see 
IV, V, Vl, vll). In the great granitic areas of the Sierra the 
general type of the magma is more acidic, hence the granodio- 
rite tends more towards an acidic type without exceeding the 
limits of the family. However, extensive masses of grano- 
diorites of the more basic type (as well as diorites) exist on the 
quadrangles of Truckee and Colfax, in the High Sierra. These 
two types resemble each other so much that their separation in 
the neld appears entirely impracticable. From a cursory 
examination it appears probable that much of the granitic 
masses of Southern California belong to the granodiorites. A 
large part of those of the peninsular range of Lower California 
are certainly granodiorites, as I have shown by microscopical 
examination and separation by Thoulet Solution.* 

Relation to allied rocks. — In 1895 Prof. W. C. Brdgger 
established the new family of the raonzonites,t rocks inter- 
mediate in composition between granite and diorite. 

♦Proa CaL Acad. Scu, 2nd Ser., vol. i, part 2, p. 6, 1888. 
f Die BniptioDB &>1ge der triadischen Bruptivgesteiaeo bei Predazzo iii S^M- 
tyroL Kriatiania, 1895, p. 19. 
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In view of this it may be profitable to inqnire into the limits 
assigned to this rock and to its relation to granodiorite. 

In order to make accurate comparisons it is necessary to have 
accurately defined standards ; the lack of these is very much 
felt in attempts at rock classification. " Granite " is a term 
concerning the petrographic meaning of which there can be 
little doubt. True, certain geologists have fallen into the habit 
of using this name as a synonym for " granular rocks," but this 
is a practice which should not be encouraged.* 

A granite means petrographically a granular rock composed 
of quartz and alkali feldspar with a micaceous mineral or horn- 
blende. There are, however, but few rocks which exactly 
correspond to this type, more or less soda-lime feldspar being 
ordinarily present; it may be referred to as an extreme type 
from which the rock can vary only one way, and the majority of 
our granites are therefore more or less pronouncedly interme- 
diate between granite and diorite. 

Diorite is ordinarily defined (Rosenbusch) as a granular rock 
composed of soda-lime feldspar, and biotite, pyroxene, or 
amphibole singly or severally ; with added quartz the family of 
the quartz-diorites is formed. While this is the most generally 
accepted definition, some petrographers deny admission into 
this family to the varieties carrying pyroxene. It will be 
apparent at a glance that unless the very wide term soda-lime 
feldspar is qualified, this family would include diabases and 
gabbros as well, and to make separate families of the latter is to 
sacrifice logical classification. What is really done for prac- 
tical purposes is expressed by Brogger as follows :\ " Die 
einzige moegliche Trennung wird hier nach meiner ansicht 
diejenige sein, den Begriff Diorit fiir mittelsaure Tiefen- 
gesteine, den BegriflE Gabbro fiir basische Tiefengesteine der 
Plagioklasreihe, den Namen Diabas fiir entsprecnende hypa- 
byssische Gesteine und fiir palaiotype;}: Ergnssteine zu reser- 
viren." Assenting to this limitation; it is still true that diorite 
and quartz-diorite, owing to the variation of soda-lime feldspars, 
is a less precise term than granite. 

It became apparent to Prof. Brogger, as it did to the Cali- 
fornian geologists, that the terms granite, diorite and quartz- 
diorite were no longer sutficient for present purposes, and this 
necessity of special names for transition types or intermediate 
rocks is often expressed in his writings. The result was the 

* " Granolites " has been proposed as a convenient word, embracing all rocks 
of granular structure, and though open to criticism in some respects certaialj 
offers some advantages. See H. W. Turner, Journal of Gkologj, 1899, p. 141. 

1 1 c. p. 17. 

X American petrographers will probably object to this limiting of diabase ; the 
Columbia (Miocene) lava formation, for example, contains abundant instances of 
diabase flows. 
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proposal to establish the new family of the monzonites inter- 
mediate between the syenites and the diorites, and that of the 
quartz-monzonites intermediate between the granites and the 
quartz-diorites. The kernel of the definition of these rocks is 
contained in the following words \* " Das wirklich character- 
ische bei diesen Gesteinen, ist dass sie in der Ke^l Orthoklas 
nnd Plagioklas ungefahr gleich reichlich oder jedenfalls beide 
reichlich fiihren." On the same page we read " Die Monzonite 
characterisiren sich dadarch dass sie weder za den Orthoklas- 
Gesteinen noch zu den Plagioklas- Gesteinen, sondern zu einer 
Uebergang^rnppe zwischen beiden gehoren, sie sind eben : 
Orthoklas-PIagioklas-Gesteine." In the same place Prof. 
Brogger states that in his opinion, in order to apply the name 
dionte, the soda-lime feldspars must strongly predominate ; in 
granite, on the other hand, the alkali feldspars must strongly 
predominate or (see footnote) the plagioclase must be so acid 
that the rock is very poor in lime. 

In the above definition there is no special limit assigned to 
the soda- lime feldspai*8, so that the permissible variation becomes 
rather large. It must be apparent, however, that the author 
intended the rock in its most typical development to be placed 
exactly half way between the granites and the quartz-diorites so 
far as the feldspars were concerned. This view is corroborated 
by the fact that of the two calculated analyses given, the first 
— a monzonite — has 30 per cent orthoclase and 32 per cent 
soda-lime feldspar (Ab.An,) and the second — a quartz-mon- 
zonite — (p. 62, I. c), 35-5 per cent orthoclase apd 31*5 per cent 
Ab,An,. 

Thus the term qnartz-monzonite becojmes a central type 
embracing a series of rocks on each side of the definition. 
Just how far Brogger intended to extend these limits is not 
clearly stated. 

There is undoubtedly ample justification for the introduc- 
tion of the term quartz-monzonite as defined by Brogger, but 
reasonable limits should be assigned to it. It would mani- 
festly be incorrect to define a family as having approximately 
equal amounts of orthoclase and soda-lime feldspars and then 
include in it rocks having three or four times as much of one 
as of the other. The definition of granodiorite would give it, 
say from 8 per cent to 20 per cent orthoclase. In the quartz- 
monzonites I would give this mineral a range from 20 per cent 
to 40 per cent, all in an assumed total of 60 per cent feldspars. 
The rocks containing more than 40 per cent orthoclase would 
then be classed as granites, there being scarcely room for 
another family between the quartz-monzonites and the granites. 

*1. c. p. 21. 
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In this manner the former family becomes qaite extensive and 
certainly includes wider limits than does granodiorite. In a 
postscript to his discussion of the rocks from Monzoni (p. 182) 
J?rof. Brogger devotes a few paragraphs to granodiorites, stat- 
ing that according to the analysis (No. I in Table A) the rock 
clearly belongs to the qnartz-diorites or rather to the small 
group between the diorites and the quartz-diorites. He finally 
concludes that granodiorite is not used in the same sense as 
quartz-monzonite but rather as a synonym for tonalite. This 
view is clearly due to the fact that Brogger only recognizes one 
intermediate group, placing it exactly in the middle between 
the granites and the quartz-diorites. The above discussion has 
sufficiently set forth that granodiorite is not a synonym for 
quartz-mica-diorite or tonalite, which is a typical rock of that 
kind, except in this sense that many petrographers have formerly 
used the term qoartz-mica-diorite, in absence of others, for rocks 
comparatively rich in orthoclase. 

It has been proposed* by Mr. Turner to class rocks of the com- 
position of IV (and consequently also rocks like III) in Table A as 
quartz-monzonites. This can only be done by disregarding the 
definition given by Prof. Brogger of this latter rock. No. IV 
contains 17'75 per cent orthoclase and 41*40 per cent soda-lime 
feldspars ; this is clearly a rock in which the latter feldspars 
greatly predominate and not a rock with approximately equal 
quantities of the two feldspars. 

Taking an exatuple to the point, there are in Idaho large 
areas of a granular rock having the following composition : 

SiO 68-48 

Al,0, 1501 

FeO 2-90 

CaO 2-60 

MgO 1-21 

K,0 4-26 

Na,0 3-22 

Real 2-33 



100-00 

From the data obtained by microscopic examination, this 
rock may be calculated as follows : 

Alkali feldspar 21* 

Oligoclase 34* 

Biotite 13' 

Qaartz 29* 

Accessories 3. 



100- 

♦ H. W. Turner, The Granitic Rocks of the Sierra Nevada. Journal of Qeologf, 
1899, p. 141. 
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Owing to the low percentage of CaO and large amount of 
E,0 this rock would fall ontside of the limits of granodiorite 
and may approximately be referred to as a quartz-monzonite. 
This rock has all the appearance of a granite, and from field 
examination was supposed to belong to that family. 

In the critical examination of proposed rock types the defi- 
nition is clearly first to be considered, secondarily tne analyses. 
Tarning now to the analyses of qaartz-monzonites given by 
Brogger, a perusal will convince that representatives of his den- 
nition are few in number. The group with less silica or the 
banatites is represented by five analyses, four of which easily 
fall within the limits of the granodiorites. The mean of the 
analyses is as follows : 

Adamellite. BaDatite. 

SiO 69-21 64-39 

Al,0, 13-47 15-90 

Fe,0, 4-82 4-69 

CaO 3-25 415 

MgO 102 193 

K,0 3-85 3-52 

Na,0 3-29 3-58 

By reason of the high potash the adamellite of this average 
falls outside of the granodiorites though it hardly corresponds 
to Brogger's definition. The banatite, on the other hand, 
would be identical with some types of granodiorite if the 
analyses were actually representative. Brogger's average of 
banatite is thus not only on one side of his definition but very 
much so, inasmuch as the soda-lime feldspar will be equal to 
about three times the quantity of orthoclase, provided that the 
mineral composition oi the rocks is similar to that of a grano- 
diorite. 

I think in fact that it will be difficult to obtain any con- 
siderable number of analyses of granular rocks, having the 
average silica content of 65 percent and about equal quantities 
of alkali and soda-lime feldspars. In other words, it does not 
appear probable that the banatite, which corresponds to Brog- 
geFs definition, is a very common and widespread family of 
rocks. 

Granodiorite porphyry. — Minor intrusive masses and dikes, 
having the composition of granodiorite combined with a por- 
phyritic hoi ocrystal line groundmass. are not uncommon. For 
these I propose the name granodiorite porphyry, in analogy 
with granite porphyry and aiorite porphyry. 

Conclusions. — Granodiorite, a member of the great family 
of rocks with predominating soda-lime feldspars, is distin- 
guished by a granular texture, grayish color and a mineral 
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composition of quartz, oligoclase or andesine, orthoclase or 
microcline, hornblende or biotite (usually both); the acces- 
sories being titanite, apatite, magnetite and zircon. The quartz 
may average 23 per cent, the soda-lime feldspars 44 per cent, 
the orthoclase (with microcline and albite) 14 per cent, varying 
from 8 per cent to 20 per cent, the ferro-magnesian silicates 14 
per cent. These figures are not claimed to be an exact aver- 
age, which in the nature of the case is dijBScnlt to obtain, but 
they correspond to a fairly typical rock. The family is pro- 
posed to represent a very important and very widespread type 
of rocks, especially common along the Pacific slopes of the 
Cordilleran Ilanges. This family has been clearly defined ; the 
name has for many years been in use in the folios of the U. S. 
Geological Survey. It has found rapid and general acceptance 
by reason of its simple construction and its implied definition. 
But chiefly and above all it deserves to stand because repre- 
senting a natural group of rocks. 

WashingtoD, D. C, December, 1899. 
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Art. XXVllI. — Two new American Meteorites; by H. L. 

Preston. 

Luis ZtopeZy New Mexico. 

The Luis Lopez siderite is somewhat reetaugalar in shape 
and measares 80 X 130 X 196°"" in its greatest diameters ; it 
is the property of Prof. Henry A. Ward <.f Chicago. 

When received by Prof. Ward, it was entire, lacking pos- 
sibly 40 or 50 grams that had been sawn off one of the promi- 
nent protuberances. The actual weight when received was 
6,903 grams. The general shape of the mass was quite sym- 
metrical and covered on all sides with large and prominent 
pittings. 

The outer surface was entirely covered, save the small cut- 
ting, with a rather lustrous reddish-brown crust. On cutting 
the mass, numerous troilite nodules ranging in size from 
8 to 28"™ in diameter were found, some sections containing as 
many as four nodules of large size. There were numerous 
straight fissures one millimeter or less in thickness, and from 
40 to 70"° in length, which are tilled with troilite. 

On etching the surface of these sections, the Widmanstatten 
figures are brought out, sharp and distinct; they are typically 
octahedral, and composed of broad laminae, the kamacite bands 
being from 1 to 3°" in diameter, and up to 41"° in length, in 
some cases without a break. 

There are also numerous small streaks or seams of schreiber- 
site, the longest as far as observed being 8"" and a trifle less 
than 1"" in width. 

The troilite nodules are likewise surrounded by a very nar- 
row band of schreibersite, which presents a strong contrast 
between the silvery white kamacite bands and the bronze- 
colored troilite nodules. In some few instances, a black 
graphitic substance, from 1 to 3"" in width, is seen surround- 
ing the troilite nodules, between the narrow band of schreiber- 
site and the kamacite. The minute hair-like lines commonly 
called laphamite markings are abundant in the rhomboidal 
patches known as plessite. These lines are caused by minute 
alternating layers of kamacite and tffinite, plessite, as proved 
by J. M. Davison, being formed in this way, and not a different 
nickel-iron alloy as formerly supposed. 

This meteorite was found in the early part of 1896 by a 
Mexican named Gonzales, who was very reticent for a long 
time about giving its exact locality, supposing he had found 
indications of a valuable mine. But later Mr. C. T. Brown of 
Socorro, New Mexico, succeeded in obtaining the mass, and 
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was informed by the Mexican that he had made further search 
for more pieces but found none. He had picked this piece up 
about five miles southwest of Socorro, near the hamlet of LuiB 
Lopez. 

In the autumn of 1896, the mass as found passed into the 
possession of Mr. A. B. Fitch of Magdaletia, N. M., who 
retained it in his possession until June, 1899, when it was 
purchased by Prof. Ward. 

From its near proximity to the above hamlet, we will 
designate this siderite as the Luis Lopez meteorite^ Socorro 
County, New Mexico. 

An analysis by Mariner and Hoskins of Chicago gave 

Fe 91-312 

Ni '8-170 

Co -160 

Si trace 

P -333 

S.: -013 

C :.. -012 



100- 
Specific gravity 7*7. 

As this portion of New Mexico has been somewhat prolific 
in new meteorites within the past few years, it is perhaps 
advisable to note the relation of this find to live others, mak- 
ing a total of six siderites found in a parallelogram of about 
three hundred miles by ninety. 

1st. We have the Costilla Peak of about 35 kilograms, 
found in August, 1881, on the north slope of Costillo Peak 
about 210 miles N.N.E. of Socorro, described by R. C. Hills. 

2d. (Jlorieta Mountain. Three masses of 24*26, 53*38 and 
67*12 kilograms, that were apparently portions of the same 
mass originally, and several smaller pieces found in May, 1884, 
on Glorieta Mountain, 120 miles N.N.E. of Socorro, described 
by Geo. F. Kunz. 

3d. El Capitan^ of about 28 kilograms, found in 1893 on 
the north slope of El Capitan Mountain, 90 miles S.E, of 
Socorro, described by E. E. Howell. 

4th. Sacramento Mountain, 237 kilograms, surmised to 
have fallen in 1876 and found on the eastern slope of the 
Sacramento Mountains 120 miles S.E. of Socorro, described by 
Warren M. Foote. 

5th. The Oscuro Mountain^ of about 6 kilograms, found in 
three pieces Dec. 10th, 1892, in the eastern foot hills of the 
Oscuro Mountains, about 35 miles S.E. of Socorro, described 
by R. C. Hills. 
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6th. The present siderite, Luis Lopez^ 6*9 kilograms, found 
in 1896, five miles S.W. of Socorro. 

It is absolntelj certain that these six finds represent six dis- 
tinct falls of meteorites, as proved first by the analyses : 

Fe Ni 

Costilla 91-65 7-71 

Glorieta 87-93 11-15 

El Capitan 90-51 8-40 

Sacramento Mts 91-39 7-86 

Oscuro 90-79 7-06 

Luis Lopez 91-31 817 

Secondly, the crystalline structure, as shown by the Wid- 
manstatten figures, is so entirely diflEerent that it would be 
impossible to confound either one with any other of these 
finds. 

Central Missouri, 

The history of this most interesting siderite as to the exact 
date when found, and the precise locality where found, has 
been entirely lost. 

The weight of the whole was probably about 25 kilograms. 
An end piece apparently about half the entire mass, weighing 
12,360 grams, has been deposited for many years in the Western 
Reserve Historical Society of Cleveland, Ohio, while the other 
half was in the collection of the late Prof. Wm. Denton of 
Wellesley, Mass. Through the Librarian of the Western 
Reserve Historical Society, Prof. J. P. MacLean, Prof. Ward 
has obtained a large portion of this piece. 

The outer surface of the mass is most beautifully and typi- 
cally pitted, and of a dark reddish-brown color, with the 
exception of the prominent ridges, which are of a lustrous 
dark steel-gray color, resembling graphite, although it does not 
soil paper when rubbed over it. 

On cutting the mass, we found numerous fissures meander- 
ing in various directions over the entire surface. A few of 
the largest are one millimeter in diameter, and are filled in 
part by a black graphite-like substance, and in part by schreib- 
ersite. There are also patches of schreibersite, resembliuff 
hieroglyphics, some of them 5 by 25°"™ in diameter, scattered 
here and there over the surface. A few prominent troilite 
nodules are visible on the sections, the largest being 9x15°"° 
in diameter. On etching the iron no figures whatever are 
brought out, leaving only a minutely pitted light gray surface, 
which is more or less clouded. 

The only history of the finding of this siderite as furnished 
by Prof. J. P. MacLean from the records of the Western 
Reserve Historical Society, is as follows : 

Ak. Jour. Sol — Fourth Series, Vol. IX, No. 52.— April, 1900. 
20 
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"This meteorite was found in the fifties in Central Missonri, 
and after being cut in halves, one-half went to the late Prof. 
Wm. Denton and the other half was purchased of Mrs. 
Newcomer (of Cleveland) by the late Judge C. C. Baldwin, 
and by him presented to the Society." 

An analysis of this siderite by Mariner and Hoskins of 
Chicago gave 

Fe 94-734 

Ni 1 4-620 

Co -180 

P -442 

S -016 

C -009 



100- 
Specific gravity, 7*5. 

The small amount of carbon is probably due to the fact 
that the portion of the mass used for analysis was free from 
the black graphite-like veins. 

As no more definite locality can be traced as the location in 
which this iron was found, we will designate for this iron the 
name, Central Missouri. 



HarknesB — Achromatic Objectives of Telescopes. 287 



Art. XXIX. — On the Best Form for the Dovhle Achrom^itic 
Objectives of Telescopes ;* by Wm. Harkness. 

When the thicknesses and distances apart of the two com- 
ponent lenses are so small that they can be neglected, the 
curvatures of the surfaces of these lenses are the only disposable 
constants for satisfying the equations which determine the 
properties of a double achromatic objective. As there are 
four of these surfaces, four conditions can be satisfied. Three 
of them are always employed in determining the focal length 
of the objective, its color correction, and the correction for 
spherical aberration of rays proceeding from an infinitely dis- 
tant point lying in the optical axis of the telescope. For the 
disposition of the remaining constant various conditions have 
been proposed, among which the following may be mentioned 
because they have secured a prominent place in optical practice : 

In 1756 Clairautf suggested that the interior surfaces of the 
crown and flint lenses should have the same curvature, in order 
that they might be cemented together, and that plan has since 
been almost universally adopted in all spy and binocular glasses. 
In 1778 Kliigel proposed that the crown lens should be made 
equi-convex, in order to secure with a given thickness of glass 
the shortest possible focal distance, or, in other words, the 
greatest possible angular aperture ; and in 1810:|: he proposed 
that the radii of the outer and inner surfaces of the crown lens 
should be to each other as 1:3, or more exactly as (2— n) :n, 
where n is the refractive index of the glass. The method of 
determining the curves of the objective when the crown is 
equi-convex was greatly improved by Littrow in 1827§ and 
since then that construction has been much employed under 
the name of Littrow's objective. In 1816 Bohnenberger wrote 
at paper to show that the spherical and achromatic aberrations 
were best corrected by making the radii of the outer and inner 
surfaces of the crown lens in the ratio of 2:3, and that con- 
struction has also found much favor. Finally, about 1824 or 
1825 Fraunhofer introduced a form of objective which is cer- 
tainly superior to any previously known, but he never gave its 
theory, and because it is rather more difiicult to make and 
adjust than the forms advocated by Clairaut, Kliigel, Littrow 
and Bohnenberger, it has never been popular with practical 
opticians. 

• This paper, in a slightly diflEerent form, was read before the Philosophical 
Society of Washington on October 28, 1893. 
t Mem. Paris Acad., 1766, p. 431. 
^Gilbert's Annalen, 1810, xxxiv, 280. 
§Mem. Roy. Ast Soc., 1827, vol. iii, pp. 235-255. 
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The conditions which should be satisfied by a perfect objec- 
tive are, first, that it shall have a specified focal length ; 
second, that its achromatic aberration shall be corrected, which, 
strictly speaking, would include the destruction of the second- 
ary spectrum, but that point will not be considered in the 
present paper ; and third, that its spherical aberration shall be 
correctea, not only for distant objects lying in its optical axis, 
but for all objects, whether near or remote, situated anywhere 
within its field of view. It has been surmised that the latter 
condition was what Fraunhofer aimed at in the object-glasses 
which he constructed, but I am not aware that the mathemat- 
ical theory involved in the said condition has ever been formu- 
lated, and, therefore, it seems worth while to examine it here. 




Referring to the figure, let J.C'be a thin lens whose optical 
axis is iff, ^, and let F^ and F^ be, respectively, the focal points 
for axial rays proceeding from the radiants i?, and R^, Further- 
more, let /?, be an oblique radiant situated on the straight line 
joining* R^ with A^ and let the ravs R^AI and R^CO proceed 
from it. The straight line R^BItI^ passing through tue opti- 
cal center of the lens, will be intersected by them at G and /, 
and consequently images of R^ will be formed throughout the 
entire interval between these points. Finally, draw the lines 
RyD^ EG and /// perpendicular to the optical axis R^H. 

For brevity let 



F = 

y = 



Principal focal distance of the lens AC, 
AB = AC = semi-diameter of the lens A C, . 
Distance DB. F^ = Distance FB. 
Distance B^B. F^ = Distance i^^. 

(0 = The angle R^ BD = IBH. 



Distance B^B, 



An examination of the figure shows that the obliaue spher- 
ical aberration arising from the eccentric position of tne radiant 
R^ is represented by the interval ^ZT between the images at G 
and /, and in order to destroy it, the point G must be made to 
coincide with the point /. That will be the case when BE=^ 
BH^ and we have now to inquire what conditions must subsist 
in order to bring about this equality. 
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From the figure we have 

yiF^ll BE i^xi a> t F^-BE 
whence, 

BE^ — '^ (1) 

and again from the figure 

whence, 

BH^ ^ (2) 

Then, to make BE^ BH^ we equate the right hand members 
of (1) and (2) and obtain 

F F 

4-' = V,* (3) 

y— JP, tano) y + l?', tanw ^' 

which is the condition for the destruction of the oblique aber- 
ration. 

If now we suppose the spherical aberration of the lens AG 
to be perfectly corrected for all objects situated in its axis, 
whether near or far, and if F^ and F^ are the focal points for 
rays diverging respectively from the radiants Ii\ and B^ then 
we shall have rigorously, for all points of the lens 

\/F=\IF,-^\/R, .^^ 

l/F=:l/F,-^l/B, ^ ' 

From the figure 

B^—R, : iJ, : : i?, tan (u : y 

whence, 

1 1 tan (I) 

and again from the figure 

R,—R^ : i?,:: i?, tan (u :y 
whence, 

1 1 tan o) , , 



R, R,y 

By substituting the right hand membei*s of (5) and (6) in (4)3 
we obtain, 

1 1 _ 1 tan <i) _ 1 tan cu 

whence, 

F F 

(7) 



y— jPjtanw y + i^ tan 



a> 
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which is identical with (3) ; and as the vah'dity of (7) depends 
only upon the exact fulfillment of the condition expressed by 
the equations (4), while (3) implies the destruction of the 
obliaue aberration, we conclude tnat 

Ij in any thin lens th^ spherical aberration is completely 
corrected for all objects situated in the axis of the lens, then 
the oblique aberration will also be completely corrected. 

Thus the problem of obtaining equally distinct images in all 
parts of the field of view is reduced to the problem oi making 
the destruction of the spherical aberration for axial rays inde- 
pendent of the distance of the radiant from the telescope, and 
we have now to inquire how far that can be done in the case 
of double achromatic objectives. Fortunately the latter prob- 
lem is not new, havinsj presented itself to Sir J. F. W. Herschel 
so long ago as 1821, wlien he showed that the spherical aberra- 
tion or an achromatic objective consisting of any number of 
thin lenses in contact can be expressed in the form 

^f=i!/'{X-\^YJ)i-ZD') (8) 

where y is the semi-aperture of the objective, JT, l^andZ 
are functions of the refractive indexes and focal distances of 
the several lenses, and of the radii of curvature of their first 
surfaces, eiud' J) is the reciprocal of the distance of the object 
viewed. Of course the refractive indexes are known, and the 
focal length of the objective together with the achromatic 
equation determine the focal distances of the several lenses. 
Consequently equation (8) contains as indeterminates only the 
radii of curvature of one surface of each lens; and in the case 
of a double objective, two independent conditions suffice to 
determine them. Herschel concluded that these conditions 
should be 

X= Y= (9) 

because the term depending on D is thus destroyed for all dis- 
tances of the radiant, and although the term in jD* still remains* 
it is usually small enough to be neglected whenever J) does 
not exceed 0*0 L of the length of the telescope. He summed 
up the situation by saying,* 

" If these equations be combined, we shall obtain the dimen- 
sions of an object-glass free from aberration, both for celestial 
and terrestrial objects, provided we restrict our views to objects 
situated in the prolongation of the axis of the telescope." 

That proviso is shown by the present paper to be a mistake, 
but from Herschel's point of view it seemed necessary, because 
his equations contained no explicit provision for the destruc- 
tion of the lateral aberration. 

♦ Phil. Trans., 1821, p. 260. 
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The equatioDS (9) are of the second degree, and consequently 
give two sets of radii, flerschel preferred that set whicn gave 
the flattest curves to the lenses, and it is to be remarked that 
the resulting objectives resemble those constructed by Fraun- 
hofer so closely as to be practically undistinguishable from 
them. 

In double achromatic objectives of Herschel's form the four 
disposable constants are employed as follows : 

1. To determine the focal length of the objective. 

2. To correct the chromatic aberration for rays of some defi- 
nite wave length. 

3. To correct the spherical aberration of central rays pro- 
ceeding from infinitely distant objects. 

4. To correct the spherical aberration of central rays, so far 
as the first power of the distance is concerned, for all objects, 
no matter what their distance from the telescope. 

From what precedes it is evident that the last condition car- 
ries with it the destruction of the lateral spherical aberration 
up to the locus where the term in D^ becomes sensible, and as 
that term is practically indestructiblej we conclude that objec- 
tives of the Herschel form excel all others consisting of two 
lenses in contact in being aplanatic throughout the largest pos- 
sible field of view, and for objects over the greatest possible 
range. of distance. In meridian circles, transit instruments, 
zenith telescopes, photographic telescopes, and all other instru- 
ments where good definition is required over an extensive field, 
this is of the utmost importance, but for equatorial telescopes 
it is of less consequence, because their more restricted fields 
scarcely permit the lateral aberration to become sensible. . 

Washington, D. 0., Feb. G, 1900. 
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SCIENTIFIC INTELLIGENCE. 
I. Chemistry and Physics. 

1. On the Passage of Argon through thin Films of India- 
rubber ; by Lord Rayleigh. — Soon after the discovery of argon 
it was thought desirable to compare the percolation of the gai 
through india-rubber with that of nitrogen, and Sir W. Roberts- 
Austen kindly gave me some advice upon the subject. The pro- 
posal was simply to allow atmospheric air to percolate through 
the rubber film into a vacuum, after the manner of Graham, and 
then to determine the proportion of argon. It will be remem- 
bered that Graham found that the percentage of oxygen was 
raised in this manner from the 21 of the atmosphere to about 40. 
At the time the experiment fell through, but daring the last year 
I have carried it out with the assistance of Mr. Gordon. 

The rubber balloon was first charged with dry boxwood saw- 
dust. This rather troublesome operation was facilitated by so 
mounting the balloon that with the aid of an air-pump the 
external pressure could be reduced. When sufficiently distended 
the balloon was connected with a large Toepler pump, into the 
vacuous head of which the diffused gases could collect. At 
intervals they were drawn off in the usual way. 

The diffusion was not conducted under ideal conditions. In 
order to make the most of the time, the apparatus was left at 
work during the night, so that by the morning the internal pres- 
sure had risen to perhaps three inches of mercury. The propor- 
tion of oxygen in the gas collected was determined from time to 
time. It varied from 34 per cent when the vacuum was bad to 
about 39 per cent when the vacuum was good. On an average it 
was estimated that the proportion of oxygen would be about 37 
per cent of the whole. The total quantity of diffused gas reck- 
oned at atmospheric pressure was about 300^^^ per twenty-four 
houria. 

On removal from the pump the gas was introduced into an 
inverted ilask standing over alkali, and with addition of oxygen 
as required was treated with the electrical discharge from a traos- 
former in connection with the public supply of alternating cur- 
rent. In this way the nitrogen was gradually oxidized aod 
absorbed. Towards the close of operations the gas was trans- 
ferred to a smaller vessel, where it was further sparked until no 
further contraction occurred, and the lines of nitrogen had disap- 
peared from the spectrum. The excess of oxygen was then 
removed by phosphorus. 

It remains only to record the final figures. The residue, free of 
oxygen and nitrogen, from 3205*^*^ of diffused gas was 39". The 
most instructive way of stating the result is perhaps to reckon 
the argon as a percentage, not of the whole, but of the nitrogen 
and argon only. Of the 3205" total, 2020" would be nitrogen 
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and argon, and of this the 39^^ argon woald be 1*93 per cent. 
Since, according to Kellas (Proc. Roy. Soc, vol. lix, p. 67, 1895), 
100^^ of mixed atmospheric nitrogen and argon contains 1*19 per 
cent of argon, we see that in the diffused gas the proportion of 
argon is about half as great again as in the atmosphere. Argon 
then passes the india-rubber film more readily than nitrogen, but 
not in such a degree as to render the diffusion process a useful one 
for the concentration of argon from the atmosphere. — FhiL Mag,^ 
Feb. 1900, p. 220. 

2. Influence of Water on the Combustion of Carbon Monoxide ; 
by G. Mabtin. (Abstract.) Chemical News, vol. Ixxxi, No. 2096. 
Jan. 19tb, 1900. — The author believes that the action of water in 
facilitating the oxidation of CO cannot be expressed by one 
€qaation, but consists of several reactions — one predominating at 
one time, another at another time, according to the amount of 
H,0 and O, present. This accounts for the lengthening out of the 
€xplosion wave when the quantity of steam or O, present is 
diminished. As regards the mechanism of the process, the author 
believes that the H,0 molecule, by its "attractive power" 
(evidences of which he sees in the great dissociating power of 
water,) alters the motion of the atoms in neighboring molecules. 
This intramolecular alteration in strain, together with the pres- 
ence of free O, determines the reaction —much in the same way 
that finely divided gold, etc., causes the decomposition of H,0,. 
This view explains the action of II,0 in dissociating NH^Cl 
vapors, — the motion of the atoms within the NH^Cl molecule 
being altered by the attractive power of H,0, and thus it 
dissociates. The author considers the last case analogous to 
** supercooling " in liquids. 

3. The combination of sulphur dioxide with oxygen ; by E. J. 
Russell and Nobman Smith. — The authors have found that when 
a mixture of sulphur dioxide and oxygen acts on certain oxides, 
in addition to the absorption of the sulphur dioxide, part of the 
sulphur dioxide and oxygen combine forming sulphur trioxide, 
this being apparently due to the " surface action " of the oxide. 
The extent of this '' surface action " varies with the nature and 
physical conditions of each oxide. No sulphur trioxide was ever 
found unless a simultaneous absorption of sulphur dioxide occurred ; 
when manganese peroxide and sulphur dioxide, dried by phos- 
phorus pentoxide, were brought together, no absorption teok 
place, nor was any sulphur trioxide produced on the addition of 
dried oxygen. 

If a mixture of dried sulphur dioxide and oxygen be passed 
over well-dried platinized pumice heated to 400-450°, very little 
sulphur trioxide is formed, and the drier the materials the less is 
the combination. — Proc. CJiem, Soc, p. 41, 1900. 

4. Determination of Radicles in Carbon Compounds, By 
Dr. H. Metbb. Authorized translation by J. Bishop Tingle, 
Ph.D. 12mo, pp. X, 133. New York, 1899. (John Wiley & 
Sons.) — Dr. Tingle has done a good service in translating into 
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English Dr. Meyer's excellent '' Anleitung zur qaantitativen Be 
stimmuD^ der orsanisohen Atomgruppen." The quantitative side 
of organic chemistry, too often neglected in the laboratory, mast 
receive a new impulse from this little book, and so must help 
forward investigation. g. f. b. 

5. The reflective power of metals and metallic deposits on glass 
surfaces, — E. Hagen and H. Rubens have investigated this sub- 
ject for wave lengths from 450 ft to 700 /x/x. The interesting con- 
clusion is drawn, from the long list of substances examined, that 
the reflective power of pure metals, in general, increases with 
increasing wave-length. This fact appears very strongly in the 
case of gold and copper. Both metals show a very small reflec- 
tive power for violet and blue light; while for the red rays of 
wave-length 700 /x/i the reflective power of gold is as great as 
that of silver. The behavior of the various kinds of speculam 
metal was also considered. The mirrors employed by Rosse, 
Brashear and Schroder, which consist essentially of a mixture of 
copper and tin, possess essentially the same reflecting power, vary- 
ing from 62 per cent at 450 ft to 68 per cent at 700 fifu The 
admixture of a small portion of nickel (in the case of the specu- 
lum metal of Brandes and Schttnemann) lowers somewhat the 
reflecting power. The metal of Ludwig Mach, consisting of 
aluminum and magnesium in varying proportions, has a reflecting 
power between the same limits of wave-lengths of about 83 per 
cent to 83*4 per cent. Its reflecting power, therefore, appears to 
be independent of length of waves. — Ann, der Physik, No. 2, 
1900, pp. 352-375. J. T. 

6. A Vacuum Electroscope, — It has generally been assumed 
that a vacuum docs not conduct electricity, and that electrostatic 
induction takes place in a highly rarifled medium. H. Pflaum 
seeks to show the truth of this assumption by direct experiment. 
With a highly exhausted vessel he shows that electrostatic effects 
occur to a high degree, and that no luminosity could be detected 
under powerful inductive action. The vacuum therefore appeared 
to act like a perfect insulator. — A7i7i. der Physik^ No. 2, 1900, pp. 
290-293. J. T. 

7. Rapid spark discharges, — An investigation in this subject 
by H. T. Simon is of interest in view of photographs of lightning 
which show successive discharges passing over parallel paths. 
The experiments were made with the Wehvelt interrupter. It 
was found that a spark follows the same path as a preceding one 
if the interval between the two does not exceed 0*0028 second. 
If this interval is larger the spark follows a new zigzag path. 
This time-interval appears to be independent of the length of the 
spark gap and of the material of the terminals. — GeseUsch. Wtss, 
Gmingen, 1899, pp. 183-186. j. T. 

8. The discharge of Electricity through Argon and Sielium,— 
R. J. Struti, of Trinity College, Cambridge, has made some 
interesting experiments on this subject and reaches the following 
conclusions : 
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^' The peculiar interest of the gases argon and helium is in their 
monatomic characters. The view now generally taken is that the 
electric discharge is conveyed in all cases by ions, these ions 
being produced by a dissociation process of some kind. If this 
be admitted there can be no escape from the conclusion that the 
ions of monatomic gases are split up into something smaller. The 
above experiments make, it sufficiently clear, I think, that these 
gases convey the discharge in a normal manner. If the potential- 
fall at the cathode is a measure of the energy expended in the 
ionization of the gas when effected by an electric field, the experi- 
ments show that the ionization of argon and helium is somewhat 
more easily effected than that of other gases. There are other 
reasons for thinking that the atomicity of an elementary gas is 
not an important feature in its facility of ionization. Thus mer- 
cury vapor was found by Thomson and Rutherford to conduct 
much more freely than air under the influence of the X-rays. 
Helium, on the other hi^nd, conducts only about half as well as 
air. — Phil. Mag.^ March, 1900, pp. 293-307. J. t. 

9. An JExperimental Research on Some Standards of Light ; by 
J. E. Petavbl. — The author has carried on, during the past 
three years, an extensive series of experiments, having as their 
object the investigation of the most valuable light-standards of 
the incandescent type. The requirements for a practical stand- 
ard are summarized as follows: (1) The standard must remain 
constant for long as well as short periods. (2) It should be 
reproducible. (3) The light emitted should be as nearly as 
possible of the same spectral composition as that of the chief 
artificial lights now in common use. 

Experiments with the electric arc have led the author to the 
following conclusions : 

(1.) The intrinsic brilliancy of the crater of a silent arc is 
about 147 candle-power per square millimeter. 

J2.) Even when the most favorable conditions are selected, 
[ the intensity of current and the length of the arc are 
maintained constant, it is difficult to obtain consistent results, 
variations of over 5 per cent, being by no means unfrequent. 
The crater of the arc does not, therefore, possess the qualities 
required of a standard. 

(3.) Variations in the size of the carbons, in the intensity and 
density of the current, in the length of the arc, and in the total 
power expended ( as long as the arc is kept silent,) will not cause 
the intrinsic brilliancy to vary more than 10 per cent, on either 
side of the mean. 

(4.) No sensible variation in the intrinsic brilliancy, and there- 
fore in the temperature of the crater, is produced by placing the 
carbons in an enclosure maintained at over 900° C. 

The experiments confirm the theory that the crater of the arc is 
at the temperature of volatilization of carbon. 

The Lummer and Kurlbaum incandescent platinum standard 
was also made the object of careful trials, but the result was 
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reached that it does not possess the qualities required of a pri- 
mary standard, although under certain conditions it may be of 
great value as a standard of reference. 

Passing to the subject of the molten platinum standard, first 
proposed by J. Yiolle in 1881, the author concludes, after experi- 
menting upon the fusion of platinum by an electric current and 
with the oxyhydrogen blowpipe, that the latter leads to the 
best results if the platinum selected is chemically pure, the cruci- 
ble is made of pure lime, the hydrogen contains no hydrocarbons, 
and the gases are burnt in the ratio of four volumes of hydrogen 
to three of oxygen. The temperature of the flame, if the last 
condition is observed, is but little above the melting point of 
platinum, and the metal is not essentially superheated. A 
detailed account is given of the methods employed for attaining 
a high degree of accuracy, particularly in the photometric part8 
of the work, and a series of tables show the results reached ; for 
details of these reference must be made to the original paper. 

The final conclusion is important, viz., that under standard 
conditions the probable variation in the light emitted by molten 
platinum is not above 1 per cent, and with more perfect apparatus 
and somewhat better experimental conditions, the accuracy could 
be increased beyond this point. It is not impossible, even, that 
the accuracy of the platinum standard may attain to, or even 
surpass, the limit fixed by physiological conditions. — Pi^oc. Roy, 
SoCy Ixv, pp. 469-503. 

10. ^ Text- Book ofFhysica; by W. Watson, Assist. Professor 
of Physics at the Royal College of Science, London. Pp. xxii, 
896. London 1899 (Longmans, Green & Co.). — The varied wants 
of different teachers of Physics have led to the publication of a 
long series of text-bookp, many of them of a high degree of 
excellence, though no two cover just the same field. Of this 
latest addition to the series it is possible to speak in terms of 
decided commendation. Many teachers, among those who have 
not written book for their own classes, are likely to find that it 
more nearly fills their wants than any one of its predecessors. 
It gives a clear, systematic and thorough presentation of the 
whole subject and from a rather advanced standpoint, though 
it does not assume the knowledge of more than the ordinary 
methods of mathematics. 

The book is not an easy one for a large class of elementary 
students, certain portions, for instance the chapters on electricity, 
being rather diflicult, — more so in fact than those on light, where 
the methods of geometrical optics are pretty closely adhered to. 
In the former case, the author seems to go almost too far in his 
admirable plan not to dwell too much upon the experimental side 
of the subject. Some students will wish that the printer had 
been a little more liberal in the use of italics, as it is a help to 
one approaching the subject for the first time to have the essen- 
tial subjects and principles discussed brought at once clearly 
before the eye. It is also rather to be regretted that the pob- 
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lers did not think it worth while to take a little more pains 
li the illustrations, which are not ap to the level of the typo- 
kphical work. Future printings will give the author an oppor- 
ity to correct an occasional slip, as for example, when he 
.68 the first recognition of the phenomena of statical elec- 
$ity from ''about the commencement of the Christian era'' 
lead of six hundred years before. One cannot but surmise 
.t he may have been misled by a typographical blunder in 
ent editions of another well-known text-book. 

II. Geology and Mineralogy. 

.. Geology of the Yellowstone National Park ; Descriptive 
ology^ Petrography and Paleontology ; by Messrs. Hague, 
>INGS, Weed, Walcott, Gi«ty, Stanton and Knowlton 
onograph xxxii. Part ii, U. S. Geol. Surv., 4to, pp. 791, Plates 
I). Washington, 1899. — There is probably no area of equal 
3 in this country to the geology of which so much popular 
erest attaches as the Yellowstone National Park. The very 
tures to which it owes its existence as such, are those dependent 
m its geological formation, and as year by year it is seen by a 
later number of visitors and becomes better known, the Park 
ves to awaken interest not only in its own geology but in the 
3Dce in general. 

The appearance, then, of this great monograph containing the 
orts of the various well known specialists who have assumed 
ferent departments of the field of research, opened up by the 
lanstive studies and collections made in the Park, will be 
leted with more than ordinary attention. We regret that our 
«e does not permit us to give the extended review that the 
rk deserves, but that we must content ourselves with a brief 
ice of the more important portions of its contents. 
The volume opens with a descriptive account by Iddings and 
>ed of the Gallatin Range and its geology. The sedimentary 
ks ranging from the Cambrian upward to the Laramie have 
fD uplifted, faulted, and intruded by igneous magmas in large 
colithic bodies, dikes and sheets. Erosion has laid bare the 
dCtures and later glaciation has modified the topography. The 
rography of the igneous rocks is then described by Iddings, 

shows that they are mostly fine-grained, porphyritic rocks 
andesitic character. An occurrence of differentiation in an 
rosive sheet by the settling of augite crystals is given. The 
rd chapter is a description by Iddings of Electric Peak and 
>alchre Mountain and is practically a reprint of a former article 
iced in this Journal (vol. xliv, p. 429, 1892). They arc 
:arded as parts of a dissected volcano. 

rhe northern end of the Teton Range projects into the Park 

1 its geology is described by Weed and Iddings. It consists 
a nucleus of gneisses and schists covered with Paleozoic and 
sosoic strata flexed in an anticline with northward dipping 
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axis and somewhat faulted. Upon these greatly eroded strata, 
basic breccias were piled up, eroded in turn and then came vast 
flows of rhyolite, which now iorm part of the Park Platean and 
hide the northern end of the range. 

In the fifth chapter Hague describes the geology of a mountain- 
ous area in the southern part of the Park, which consists of a 
number of ridges of northwest and southeast trend, mostly com- 
posed of Mesozoic rocks. The irregular outline of these mountains 
IS due to the rhyolites of the Park Plateau that abut against the 
upturned beds. A few exposures of dacite occur in this area sur- 
rounded by rhyolite which they apparently antedate. Hot spring 
areas and localities of fossil flora are described. An interesting 
and important feature is the discovery of the former outlet of the 
Yellowstone Lake in Outlet Caiion through Chicken Ridge, which 
in former times served to drain the lake waters westward into the 
Snake River and so into the Pacific, instead of into Atlantic 
waters as at present. The chapter closes with a description of 
Two-Ocean Plateau, forming part of the Absaroka Range and 
composed of volcanic breccias and silts. 

The southern end of the Snowy Range is described by Weed. 
It forms the northeast corner of the Park and its plateau-like 
summit of crystalline rocks is flanked by Paleozoic sediments 
which dip southward toward the Park. Detailed sections of 
these sediments are given. The highest peaks, as well as con- 
siderable areas, are formed by andesitic breccias lying on the 
Paleozoic rocks. 

In Chapter vii, Iddings describes the Miocene volcano of Cran- 
dall basin, which was built up on eroded Paleozoic strata and 
earlier lava flows. It consisted of andesitic breccias topped by 
basalt flows and cut by dikes radiating from the central conduit, 
which was finally filled with magma; this became a mass of 
granular rock varying from gabbro to diorite and in part mon- 
zonite-like in character. In the outer flanks of the great volcano 
the breccias were fine and well-bedded ; near the core they are 
coarse and chaotic. Comparison with modern cones of equal size 
like Etna shows the volcano rose over 13,000 feet above the Pale- 
ozoic floor. It is now thoroughly dissected by erosion and its 
interior laid open. 

In the four following chapters Iddings describes the petrography 
of the types of igneous rocks found in the Park, the various 
kinds of andesites and andesitic breccias that so largely make up 
the Absaroka Range, the rhyolites which compose the great 
plateau, the basalts and certain rocks of peculiar composition 
found as dikes and small flows and classified as absarokites, bana- 
tites and shoshonites. These descriptions include in essence the 
former memoirs of the author on the rhyolite and glass of 
Obsidian C\\^ (7th Ann. Rep. U. S. Geo!. Surv., 1888, pp. 249- 
295) and on the peculiar dikes and flows (Jour, of Geo!., 1895, 
p. 935). 
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The latter half of the volame is devoted to the Paleontology 
of the Park area and consists of three chapters, the Paleozoic 
fossils, the Mesozoic invertebrates, and the Mesozoic and Tertiary 
flora. 

The Paleozoic sediments, clearly recognizable by their fossil 
contents, belong to the Cambrian, Devonian, and Lower Car- 
boniferoas terranes. The Cambrian fauna of about thirty species 
is described by the Director of the Survey, Charles D. Walcott. 
Several of the species are new to science, and one new genus, 
Ilaguia^ is referred to a primitive type of Archceocyathince, 

The Devonian and Lower Carboniferous collections are dis- 
cussed by Dr. G. H. Girty. The Devonian fauna is a meager one, 
and the fossils are generally poorly preserved. The Madison 
limestone, representing probably the major portion of the Missis- 
sippian with Kinderhook affinities, contains a much richer and 
more varied fauna of seventy-nine species. 

The Mesozoic invertebrates were studied by T. W. Stanton. 
Thirty-one species are recognized from the Cretaceous, forty-six 
from the Jurassic, and one from beds of supposed Triassic age. 
The Jurassic fauna is the most important, and in number of 
species it compares favorably with the Jurassic of other parts of 
the Rocky Mountain region. 

The fossil flora of the Park by F. H. Knowlton forms the sub- 
ject of the last chapter, and is an important geological and paleo- 
botanical contribution. Eighteen species represent the Park 
Mesozoic flora as contained in the Laramie sandstones of the Cre- 
taceous, no plants having yet been found from the Jurai)r Trias. 

The chief points of geological interest arise from the fact that 
all the Tertiary plant remains occur in beds of volcanic origin, 
thus giving direct evidence of the age and period of some of the 
great igneous activities which are responsible for most of the 
marvelous geological phenomena of this region. 

The older series of lavas, as determined by the geologists, have 
been designated as the early acid breccias and flows, while the 
younger series are known as the early basic breccias and flows. 
Both of these series contain ash beds probably deposited as mud 
flows. In these the plant remains have been preserved, each 
series being marked by diflerent floral characteristics, with a 
sabordinate intermediate flora in the upper early acid breccias. 

The earliest flora, that of the early acid breccias, contains 
seventy-nine species, of which forty-two are new to science. Its 
affinities are shown to be with those of the Fort Union beds, 
though forms common to the Laramie, Green River, and Aurif- 
erous gravels are also present. The intermediate flora is related 
to that of the younger or basic series. The third flora, the one 
occurring in the early basic breccias, embraces seventy species, 
and is shown to have its closest relationships with the Auriferous 
gravels of California, now referred to the Upper Miocene Ter- 
tiarv. 

The noted fossil forests of the Yellowstone National Park form 
the subject of a separate section. They are undoubtedly the 
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most remarkable objects of their kind thus far discovered in any 
part of the world. They occupy more extensive areas than any 
other aggregation of fossil trees yet described, and, moreover, 
they are unique in retaining the trees standing upright in the 
exact positions in which they grew originally. The trees were 
largely conifers, and some of them attained gigantic proportions, 
though in the main the trunks will not average more than from 
two to five feet in diameter. Nearly all the localities show a sao- 
cession of these silicified forests lying one above another. The 
primitive forest was buried under volcanic debris, probably at the 
time of an eruption, and gradually petrified by waters charged 
with silica. After a period of quiet, a second forest gained a 
foothold and flourished above the first. In its turn, the second 
was buried and silicified as the first had been. At the locality 
known as Fossil Forest, on Amethyst Mountain, this process of 
successive burial and renewal of the Tertiary forests was repeated 
through two thousand feet of volcanic material, and no less than 
fifteen forests were entombed. The mode of illustrating the 
species of trees constituting the fossil forests is somewhat novel,, 
consisting of the usual photographs showing the minute struc- 
ture of the wood, and others illustrating the fossil trunks as they 
appear in the Park, protruding from the volcanic deposits, and 
sometimes standing alongside of trees belonging to the existing 
flora. 

In a section devoted to the biological consideration of the Ter- 
tiary flora of the Park many interesting comparisons are made 
with the present flora of the same region, and the deduction is 
made that then as now the coniferous type of tree predominated, 
though there was much greater variety during Tertiary time than 
now. The climate also was considerably wanner and approxi- 
mated the conditions at present existing in Virginia. 

L. V. p. and c. k. b. 

2. The Siluriayi Hocks of Britain, Vol. I. Scotland; by 
B. N. Peach and Johx Horne. With PetrologiccU Chapters 
and Notes; by J. J. H. Teall. Mem. Geol. Surv. United 
Kingdom, Vol. I, Plates i-xxvii, figs. 1-121, with map, pp. iii- 
xviii, and 1-V49, 1899. — The present publication, forming the 
first volume of the Monographs of the Geological Survey of the 
United Kingdom, on the Silurian Rocks of Great Britain and 
Ireland, is devoted to the Silurian formations of Scotland. It 
presents a detailed summary of all that is known up to the 
present time regarding these early records of the geological his- 
tory of the country. This volume is a continuation, in style and 
size, of the " Memoirs of the Geological Survey of Great Britain 
and of the Museum of Economic Geology in London ;** the first 
volume of which was published in 1846, and Volume III, Itt 
edition, was published in 1 866, by the Director-General Morchison, 
and a second edition of it appeared in 1881, by Director Ramsay. 
Many new facts are reported worthy of special notice, to some of 
which we hope to give attention in a future issue. 
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This Yolume is of more than ordinary interest, and worthily 
stands as the first of a new series of pahlications, the Monographs 
of the Geological Survey. The researches reported in it combine 
Btratigraphical, petrographical and paleontological studies of the 
most thorough kind, of a very complex series of rocks much dis- 
turbed by folding and faulting and with igneous intrusions. 
Messrs. Peach and Home, the chief authors of the volume, began 
the study of the southern uplands geology in 1888, having as a 
cine for the interpretation of the stratigraphy the results of 
Professor Lap worth's studies, particularly the carefully estab- 
lished succession of graptolites. They make special reference to 
the value of Professor Lap worth's results as well as his method 
of investigation, at the close of the second chapter. Mr. J. J. H. 
Teall contributes valuable chapters on the petrography of the 
igneous rocks, the granite masses, and on contact metamorphism. 
Several specialists, both within and outside the Survey, contribute 
both assistance and advice. Not least among these is Mrs. 
Robert Gray, whose superb collection of 30,000 specimens of the 
Silurian fossils of the Girvan district was first placed at the 
service of Messrs. Nicholson, Etheridge and Lapworth ; it was 
again at the disposal of the Survey ; and in the Appendix is pub- 
lished a list of the fossils with their range and distribution, pre- 
pared by Mrs. Gray. 

The value of the report is heightened for the general reader by 
the chapter (ii) giving a concise, but full, history of previous 
researches among the Silurian rocks of the south of Scotland, 
beginning with Hutton in 1795. The recapitulation of the results 
of the investigations of the Geological Survey in the southern 
uplands will indicate some of the more important problems here 
discussed in detail : 

*' 1. The occurrence of a series of Arenig volcanic and plutonic 
rocks on various anticlines over an area of about 1500 square 
miles. 

** 2. The existence of a well-marked band of radiolarian cherts 
and mudstones, overlying the foregoing volcanic series, which has 
been traced over a part of the uplands measuring about 2000 
square miles. 

** 3. The main band of radiolarian chert and mudstone, though 
about 70 feet thick, represents the succession of deposits which, 
elsewhere in Britain, intervene between the Middle Arenig and 
uppermost Llandeilo strata. 

*^ 4. The occurrence at various localities over a limited area of 
volcanic rocks of Llandeilo and Caradoc age. 

^^5. During the examination of the various black shale out- 
crops throughout the uplands, a great amount of detailed evidence 
has been obtained, confirming the order of succession established 
by Professor Lapworth, and the lateral variation of the strata 
between Moffat and Girvan. 

'* 6. The inclusion of the Downtonian strata of Lanarkshire and 
the Pentland Hills in the Silurian system, owing to the discovery 

Ail Jour. Sol— Fourth Series, Vol IX, No. 62.^— April, 1900. 
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of fishes, eurypterids, etc., resembling those occnrring in the 
Ludlow rocks of Lanarkshire and other regions." w. 

3. Lower Cambrian Terrane in the Atlantic Province ; by 
Charles D. Walcott. Proceedings of the Washington Academy 
of Science, Vol. I, Plates xxii-xxvi, figs. 9-11, pp. 301-339, 
1900. — The study of the New Branswick and Newfoundland 
lowest Paleozoic rocks has led Mr. 6. F. Matthew to the estab- 
lishment of a basal or Etcheminian series of rocks of supposed 
pre-Cambrian age, and the adoption by him of a classification 
which recognized only two divisions of the Cambrian, an Upper 
Cambrian (Potsdam with Olenus fauna) and a " Lower " Cam- 
brian (with the Paradoxides fauna), equivalent to the Middle 
Cambrian, or Acadian, but including the subjacent Protolenas 
fauna, which he regarded as equivalent to the Oienellas fauna of 
the Georgian or Lower Cambrian. 

Mr. Walcott, after exhaustive study of the original sections 
upon which Mr. Matthew's interpretations were made, both in 
Newfoundland and New Brunswick, establishes the following 
conclusions : 

" (a) The * Etcheminian ' terrane of Matthew is of Lower Cam- 
brian age. 

" (p) The Olenellus fauna is older than the Paradoxides and 
Protolenus faunas of the Middle Cambrian. 

" (c) The Cambrian section of the Atlantic Province of North 
America includes the Lower, Middle, and Upper Cambrian 
divisions as defined by me in 1891." 

These are supported by the following facts : 

'* (a) That the Olenellus fauna in Newfoundland occurs 420 
feet beneath the Paradoxides fauna, in the heart of the Lower 
Cambrian ' Etcheminian.' 

*' (ft) That fragments of the fauna are found 460-480 feet 
below the Protolenus fauna in the ' Etcheminian ' of the Hanford 
Brook section of New Brunswick. 

" (o) That in the undisturbed, unbroken Highland Range sec- 
tion of Nevada the Olenellus fauna is 4450 feet below the Upper 
Cambrian fauna, and that the Olenoides (Dorypyge fauna of 
Matthew) is 3000 feet below the horizon of the Upper Cambrian 
fauna and 1450 feet above the horizon of the Olenelius gilberti 
fauna. 

'^ (d) That in the southern Appalachians the Olenellus fauna 
occurs more than 7000 feet below the highest Cambrian fauna 
known in that region, and fully 2000 feet below a typical Ole- 
noides fauna." w. 

4. Geological Survey of Canada^ Gbobqe M. Dawson, Direc- 
tor. — Accompanying three sheets of a revised edition of the 
Geological map of the Sidney Coal field (sheets 133, 134, and 
135; new numbers, 652, 653, and 654), the Survey publishes a 
Descriptive note on the Sydney Coal field. Cape Breton, Nova 
Scotia (No. 685). The Barachios slates are reported as Cambrian 
(from Etcheminian to Lingula Flags), according to determi- 
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nations of Dr. 6. F. Matthew. The "Carboniferous conglom- 
erate series," lying below the Carboniferous limestone series, was 
formerly correlated with the Devonian or Old Red sandstone o 
England. The Carboniferous limestone series underlying the 
Millstone grit occasionally holds marine fossils. w. 

5. Das geotektonische Ftoblem der Glamer Alpen ; von A. 
RoTHPLETZ. Pp. 251. Atlas of X plates and one colored map. 
JenSy 1898 (Fischer). — ^The complicated structures of the Glarner 
Alps, southeast of Zurich, have been explained as the result of a 
remarkable pair of folds whose crests lean towards each other 
from the north and south, covering a pouch-like trough ; Heim 
being the chief exponent of this view in his celebrated " Unter- 
suchungen ueber den Meohanismus der Gebiresbildung " (1878). 
For some fifteen years past, Rolhpletz of Munich has been study- 
ing this difficult region, and his results contradict the conclusions 
previously announced. His latest essay, of title as above, leads 
to the following summary : The undermost or basal mountain 
mass consists of a series of closed folds of all formations from 
gneiss to Oligocene; the folds lean over to the northwest. This 
basal mass has been completely covered by overthrusts, and is 
to-day laid bare only in deeply eroded valleys. The tirst over- 
thrust, a deformed mass of all formations from gneiss to Eocene, 
was driven over the basal mass from the east. Two later over- 
thrusts were shoved on from the northwest. The overthrust 
masses have been splintered and wedged; the thrust surfaces 
have been severely scoured ; the composite mass has been deeply 
eroded, and the overthrusts here mentioned as single masses are 
to-day dissevered. The sources of the overthrust masses lies 
outside of the field of study and must be searched for by further 
exploration. Longitudinal and cross faults have disturbed the 
composite structure. Some of the cross faults are associated 
with valleys; those of the Linththal in particular are stated to 
have produced a grahenA\ke depression by which the direction, 
breadth and depth of the existing valley have been determined. 

At this distance from a field in which controversy has been 
ardently carried on by local experts, it is nt)t advisable to 
attenopt a judgment on so difficult a problem as the structure of 
the Glarner Alps. One observer says that his criticisms of 
earlier work have fallen on deaf ears ; an earlier observer replies 
that his critic has made inaccurate observations. While depre- 
cating the polemic thus aroused, we may hope that many will follow 
the example of one of these geologists who announces that he 
will for the present lay down his pen and take up his walking 
stick, with the promise of reporting further observations and 
conclusions at a later time. w. m. d. 

6. Ore Deposits of the United States and Canada; by J. F. 
Kemp; 3d ed., 8vo, pp. 481. New York City, 1900. (The 
Scientific Pub. Co.) — The great development of mineral 
resources during recent years has resulted not only in opening 
new, extensive and varied fields to industry, but has anbrded 
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excellent opportunity for the Bcientific study of ore-deposits from 
both a practical and theoretical standpoint. So rapid has been 
the advance along this line, especially in the United States, that 
hitherto the student has found the text-books on the sabject 
rapidly becoming antiquated, and unless possessed of consider- 
able time and facilities for extensive reading of the literature, has 
been compelled to labor at a disadvantage. 

Professor Kemp has succeeded admirably in filling this defi- 
ciency in the literature of this subject, in tlie volume before us. 
In this he has to a large extent rewritten the former edition of his 
book on ore-deposits, and made very considerable additions of 
new material. It is a work the value of which will be appreci- 
ated by all who have occasion to use it, containing, as it does, a 
concise yet comprehensive and thoroughly up-to-date description 
and consideration of the ore-deposits of the United States and 
Canada. 

Part I is introductory in its nature, its chapters being devoted 
to such brief considerations of geology — of the formation of 
cavities for the reception of ores ; of the minerals forming ores ; 
of the facts and theories concerning the methods of their 
deposition ; of the structure of veins and the classification of ore- 
deposits— as are necessary for an intelligent reading of the 
descriptions of Part II. The author has, and we think wisely, 
included here only a single broad scheme of classification based 
largely on origin, and in accordance with the results of the most 
recent iavestigation. The presentation and discussion of the 
numerous other classifications, which if included in the text 
might lead to confusion, are referred to the Appendix. 

Part II deals directly with the principal ore-deposits them- 
selves, classed under the heads of the appropriate metals. In 
presenting the theories relating to the genesis of the ores, 
excellent judgment has been shown in giving only such as have 
a substantial basis in observed facts and in omitting all those 
more or less fanciful theories which so often burden the literature 
on this subject. The descriptions in the text are supplemented 
by excellent half-tone engravings; maps and diagrams taken 
from various sources. Especial mention might be made of those 
illustrating the occurrence of the Lake Superior iron ores, the 
mineral lodes of Butte City, Mont., and those of Alaska. 

The full lists of references to the literature on ore-deposits, 
distributed throughout the book, will certainly be of great value 
to anyone desiring a more thorough and extended knowledge of 
this subject. c. H. w. 

7. 7Vie Ward' Goonley Collection of Meteorites. Pp. 1 00, plates 
VI. Chicago, 1900. — The collection of meteorites described in 
this catalogue has been brought together by Professor H. A. 
Ward and includes some 424 independent occurrences. It thai 
ranks as one of the very large collections of the world. It is 
also remarkable in the total weight as too in the size of the 
individual specimens. The aggregate weight amoants to 1400 
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kilos (over 3,000 pounds), while the average weight of each kind 
is 3-3 kilos (7^ pounds). Each specimen is described and a series 
of six plates, most of these of etched plates, adds to the value of 
the volume. 

III. Miscellaneous Scientific Intelligence. 

1. JEarthquakes in Japan, — A recent number of the Journal of 
the College of Science of Tokyo (vol. xi, pt. iv) contains the 
Earthquake Investigation Committee catalogue of Japanese earth- 
quakes since the earliest times, by the late Prof. Sekiya. This 
report is discussed in the article following by Prof. Omort, with 
respect to the number of earthquakes, their chronological distri- 
bution, variation with the season, and other points. The total 
number of destructive earthquakes in Japan from the year 416 
A. D. to the end of 1898 is 228. Of these, but few were recorded 
in the fifth, sixth, and seventh centuries, probably because of the 
imperfection of historical records in those earlier times. Begin- 
ning, however, with December 678, there are recorded 220 destruc- 
tive earthquakes in the interval ot 1220 years to the end of 1898, 
or one for about every five and a-half years. Were the records of 
earlier parts of this period more complete, this interval would 
undoubtedly be shoiiier. In the interval of nearly 300 years, from 
the beginning of the seventh century to the end of 1898, there 
were 108 destructive earthquakes in Japan ; irom which it is con- 
cluded that one part or another of Japan (except Formosa) is 
likely to be visited, on the average, once in nearly two and a-half 
to three years. 

With respect to the distribution through the year, it is found that 
of 216 destructive earthquakes, 48 occurred in the spring, 74 in the 
summer, 49 in the autumn, and 45 in the winter. The maximum 
monthly number of 32 occurred in August, and the minimum of 
10 in January. The frequency of ordinary small shocks, however, 
is found to be a minimum in the months of June, July, August, 
and September; in other word8, just the reverse of the severe 
earthquakes. This fact, however, admits of explanation, as shown 
by the author, since the constant occurrence of small earthquakes 
in an unstable country like Japan may be regarded as maintain- 
ing the region in a normal safe condition, thereby preventing any 
abnormal condition of stress in the earth's crust. Their non- 
occurrence, however, may cause an accumulation of stress, facilitat- 
ing the occurrence of destructive seismic disturbances. 

Discussing graphically the distribution of the earthquakes in 
Japan from the eighth century on, it is found that this is not uni- 
form but rather in groups ; in other words, that destructive earth- 
quakes, while sometimes happening isolated, tend to occur in 
groups in epochs of maximum frequency. The geographical dis- 
tribution of the earthquakes in the different parts of the country 
18 also minutely discussed. 

2. On the J^apagation of Earthquake Motion to great Die- 
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tances ; by R. D. Oldham, Geological Survey of India. (Abstract) 
— When preparing a report on the great Indian earthquake 
of 12th Jane, 1897, the author noticed that the European records 
of this earthquake showed a phase of increased disturbance in 
what are commonly called the preliminary tremors, making, with 
the great undulations, three phases of motion. He suggested 
that these three phases represented the arrival of (1) the conden- 
sational, (2) the distorlional waves traveling through the earth, 
and (3) surface undulations traveling round the earth. The 
present paper is an attempt to verify these suggestions by a com- 
parison with other earthquakes. 

For this purpose a selection has been made from the published 
records of those earthquakes which fulfil the conditions (1) that 
the place of origin shall be known within 1° of arc, (2) that the 
time of origin shall be known within a limit of error of one 
minute, (3) that there shall be a sufficient number of records, dis- 
tant more than 20° of arc from the origin, to serve as a check on 
each other. Eleven distinct shocks, representing seven great 
earthquakes, are found to satisfy these conditions, and in every 
case the same three-phase character as was recognized in the 
earthquake of 12th June, 1897, is found. A comparison of time 
intervals and apparent rates of propagation shows that the coin- 
cidence is not accidental, but represents the separation of three 
distinct types of wave motion having different rates of propa- 
gation. 

On plotting the records it is found that the time curves of the 
first two phases form carved lines, indicating an increase of 
apparent velocity with distance from the origin, such that, apply- 
ing Rudzki's investigation, the wave motion represented by these 
two phases must have traveled through the earth,* along curved 
wave paths, convex towards the center of the earth, and with a 
rate of propagation which increases with the distance from the 
surface. On continuing these curves, by extrapolation, to the 
origin, they give rates of propagation in very fair concordance 
with the rates of propagation of condensational and distortional 
plane waves which may be expected to obtain in continuous rock 
at some distance from the surface of the earth. 

The waves of the third phase show no such increase of rate of 
propagation with distance from the origin. The rate of propaga- 
tion is uniform at all distances ; from which it is concluded that 
the great undalations of the third phase are surface waves, travel- 
ing with a uniform rate of propagation round the surface of the 
earth. It is also found that the waves of this phase set op by 
great earthquakes travel faster than those set up by lesser ones, 
and from this it is concluded that the rate of propagation of these 
waves is in some way a function of their size, thus affording a 
confirmation of Lord Kelvin's suggestion that their propagation 
is in part gravitational. 

The general conclusion is that in the complete record of a dis- 
tant earthquake, three distinct types of wave motion can be 
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recognized: (1) condensational, and (2) distortional plane wave?, 
traveling by brachi-stochronic paths through the earth, and (3) 
elastic, or gravitational elastic, surface waves, traveling roand 
the surface of the earth. The records are, however, often incom- 
plete by the omission of the first or the first and second of these 
phases, and the widely divergent estimates of the apparent rate of 
propagation of the preliminary tremors are largely due to this. — 
/Voc. Roy. Soc.y Ixvi, 2, 1900. 

3. On Earthquake Sounds, — Dr. C. Davison closes an inter- 
esting paper in a recent number of the Philosophical Magazine 
with the following discussion as to the origin of earthquake 
sounds: *'In any earthquake there are generally three well- 
defined stages of motion — the preliminary tremor, the principal 
portion, and the end portion. In the first, the characteristic 
movements are small in amplitude and short in period ; the 
second and most active part of the disturbance consists chiefiy 
of vibrations of larger amplitude and longer period ; and these 
are followed by the feeble movements which constitute the end 
portion. Slow undulations, with a period of about one-half to 
two seconds, may, however, be present in all three stages ; while 
the ripples, with a period of one-tenth of a second or more, may 
be superposed on the slow undulations in the second and third 
stages as well as in the first. The average period of the ripples, it 
is important to notice, is slightly greater during the principal 
portion than during the other two stages. 

During the earlier part of the movement there is a distinct 
increase in the period of the vibrations ; and this has led some 
seismologists (all at the time living in Japan) to suggest that the 
first recorded tremors may be the successors of those which produce 
the preliminary earthquake-sound. The observations of British 
earthquakes show, however, that the sound-vibrationa are not con- 
fined to the earlier stage, but that, like the ripples, they are also 
saperposed on the slow undulations which foi*m the main feature 
of the principal and end portions of an earthquake. 

Some of the phenomena of earthquake-sounds, as we have seen, 
are due to the neighborhood of the sound to the varying lower 
limit of audibility. There are others, such as the time and space- 
relations of the sound and shock, lor which a different explana- 
tion is required, and whose origin is of a geological rather than a 
physical character. 

The theory which follows is based on the supposition that the 
majority of non-volcanic earthquakes are due to the gradual, but 
intermittent, growth of faults ; the immediate cause of the dis- 
turbance being the friction produced by the slipping and rubbing 
of one of the adjoining rock-masses over and against the other.* 

♦ The principal facts in favour of the fault-slip theory are: —(1) The elongated 
forms of the isoscismal lines, the longer axes of which in anj district are, as a 
rule, either parallel or perpendicular to one another, and parallel, or nearly so, to 
the chief lines of fault; (2) the formation of fault-scarps concurrently with 
Tiolent earthquakes; (3) the impossibility of a great fault growing otherwise 
thaD by an almost infinite number of slips ; and (4) the enormous excess of the 
number of earthquakes over the number of faults in any one dV^Xncl. 
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A faalt-slip does not of necessity take place concurrently all 
over the focus or instantaneouly at any one point of it. But, as 
a general rule, it certainly occupies a very short interval of time, 
and at places near the epicentre the duration of the sensible part 
of an earthquake must be mainly due to the size of the focus and 
the finite velocity of the earth-waves. 

The seismic focus is practically a surface inclined to the horizon, 
and is often of great length in a horizontal direction. In its sim- 
plest form there will be a central region of the fault-surface where 
the relative displacement of the two rock-raasses is a maximum, 
and this will be surrounded by a reeion in which the relative dis- 
placement is small, and gradually dies away towards the edges. 
As the vibrations of great amplitude are also of long period, we 
may consider that from all parts of the focus there start together 
vibrations of various amplitude and period, the large and slow 
undulations coming mostly from the central region, and the small 
and rapid vibrations of those which bound it. It is, I believe, 
irom these marginal regions, and especially from the upper and 
lateral margins, that the more sensible sound-vibrations chiefly 
come. I will now endeavour to show how the phenomena of 
earthquake-sounds can be explained on this theory. 

If there is no discontinuity in period between the large vibra- 
tions which come from the center of the area and the sound-vibra- 
tions from the focal margins, it is evident that among the vibra- 
tions muHt be included those which produce the deepest sound 
that can be heard by the human ear. The rumbling character of 
the sound may be due partly to its neighbourhood to the lower 
limit of audibility, partly, no doubt, to irregularities in the iault- 
surface producing local vibrations in the initial disturbance. To 
the latter cause may also be owing the intermittent sounds heard 
by some observers. 

But whether there be any slight fluctuations in amplitude and 
period, or not, it is evident that the average intensity of the sound 
must gradually increase until the shock is felt ; and as soon as it 
is over, or nearly over, must gradually die away. At the same 
time the greater amplitude of the vibrations from near the central 
part of the focus will render audible vibrations of longer period 
than those which come from the margins ; and thus the depth of 
the sound will increase and decrease with the intensities of the 
sound and shock. Especially will this be the case with the vibra- 
tions from the neighbourhood of that part of the focus where the 
initial amplitude is greatest ; and the strongest vibrations and 
loud explosive crashes audible to some persons should therefore 
be observed concurrently. 

Similar reasoning leads to the conclusion that the intensity of 
the sound should increase with that of the shock in different 
earthquakes, and that the sound should be deeper with strong 
shocks than with weak ones. But while the marginal vibrations are 
limited in period and amplitude, those from the central parts of 
the focus have a much wider range. With very weak shocks the 
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>and should be tbe most prominent feature ; with very strong 
aes the sound, though actually louder, should be relatively insig- 
ifieant ; and when, as in the Hereford earthquake, the earthquake 
insists of two distinct parts, the two shocks may differ widely 
I intensity, while the accompanying sounds may be almost equally 
md. 

With observers of given average auditory powers, the magni- 
ide of the bound-area depends on the limited strength of the 
larginal vibrations, and on the dimensions of the seismic focus, 
nd therefore of its marginal regions. The magnitude of the 
isturbed area depends partly on the size of the focus, chiefly 
erhaps on the initial intensity of the vibrations from its central 
ortion. While the dimensions of the sound-area should gener- 
Lly increase with those of the disturbed area, it is evident that they 
loald not increase in the same ratio. With very strong shocks, 
le sound-area should be a comparatively small district surround- 
ig the epicentre. With very slight ones, the marginal regions 
^onld be so great compared with the central portion of the focus, 
lat the sound-area might overlap the disturbed area. In the 
mit, the central portion of the focus would vanish, and •an earth- 
)und would be the only result sensible to human beings.* 

Several of the phenomena of earthquake-sounds depend on the 
iperficial form and inclined position of the focus, and on the 
tct that the most sensible sound- vibrations come from the upper 
ad lateral margins. The isacoustic lines and the boundary 
f the sound-area should not be concentric with the isoseismal 
nes. Ilelatively to the latter the sound-area will be shifted 
)wards the fault-line, and also in a direction parallel to it, if one 
iteral margin should predominate over the other. 

The time-relations of the sound and shock remain to be con- 
dered. The sound-vibrations from the margin nearest to the 
bserver should bo heard before the shock begins, those from the 
pper margin, and possibly from* parts of the central portion, dur- 
ig the progress of the shock, and those from the furthest margin 
[ter the shock ends. Moreover, the sound-vibrations from the 
sarer lateral margin will be of greater intensity than those from 
le farther one ; and thus the fore-sound should be more generally 
eard than the after-sound, and with Japanese and some other 
beervers should be the only one perceptible. The percentage 
r observations of the after-sound should also diminish with the 
icreasing distance from the origin ; and the duration of the 
mnd, especially near the epicentre, should bo greater than that 
P the shock. 

At places near the epicentre, and also at the places whose dls- 
mces are great compared with the dimensions of the focus, the 
mnd-vibrations which appear loudest will be those which origi- 

* It has been suggested that the comparative smallness of the sound-area may 
) due to the more rapid extinction of the sound-vibrations ; but the explanation 
clearly incomplete, for it fails in the cases in which the sound-area overlaps the 
Bturbed area. 
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nate near the central portions of the f ocas ; and thus the epochs of 
maximum intensity of the soand and shock should coincide. If, 
however, the horizontal length of the nearer focal margin be con- 
siderable, the sound which seems loudest to observers at a mod- 
erate distance may come from or near that margin ; for there is 
but little change in the initial intensity of sound-vibrations from 
the neighbourhood of the central portion. To observers who are 
situated near the continuation of the line of fault, the maximum 
epoch of the sound will therefore precede that of the shock; 
while to those who are near the minor axis of the isoseismals, the 
two epochs will approximately coincide/' 

4. On the origin of Gulf Stream water ; by P. T. Cleve. 
(From the Ofver. Vet. Akad. Forhandlingar, 1899. No. 9. Stock- 
holm.) — Hydrographers understand by "gulf-stream water" such 
water in the northern Atlantic as contains about 35, or rather 
more, p.m. of salt. The name indicates that it is supposed that 
such water is derived from the gulf-stream, or the surface-current, 
which runs from the Gulf of Mexico. The study of the geo- 
graphical distribution of the plankton-organisms has convinced 
me that • such a supposition is, at least for the greater bulk of 
gulf-stream water, erroneous and that the gulf-stream water 
comes into the northern Atlantic along the west coast of Africa 
and between the Azores and Europe. This is in direct opposi- 
tion to all surface-currents, so it must be admitted that the 
gulf-stream water moves as an under-current. I know a number 
of plankton organisms, which all point to the above conclusion. 
Samples from the Benguela current, for which I am indebted to 
the kind assistance of Doctor Van Doesburgh on the Fregatte 
Atjeh of the Dutch Navy, make it more than probable that the 
gulf-stream water reaches the Atlantic round the Cape of Good 
Hope. 

I have comprised under the name styli-plankton such organ- 
isms as inhabit the gulf-stream water of the hydrographers. 
The number of such forms, known to me at present, is very 
considerable, but I will here treat of the distribution of a smaller 
number only, selecting some of the typical species. Some of 
these BtyH-plankton organisms arc confined exclusively, or nearly 
so, to the eastern Atlantic. Some have a very wide range of 
distribution and occur both in the eastern, western and northern 
Atlantic, or round the Sargasso Sea. 

It will be found from the following data that such styli-plauk- 
ton organisms as have a very wide range of distribution follow 
both the eastern side of the Atlantic, or along the coasts of 
Africa between the Azores and Europe, and the equatorial 
current towards South America into the Caribbean Sea, and 
thence the Antilles and Florida currents towards the Newfound- 
land banks and farther to about 45° to 50° N., where they seem 
to unite with those coming from the east Atlantic. They 
proceed then to the north, towards Iceland and the F&rOe 
Channel, and a small number finally reach Spitzbergen. . . . 
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The species, whose distribution is discassed in detail, are as 
follows : Cory cams roatratus, ClauaoccUanua arcuicornisj Acartii 
Clausii^ Centropagea typicua^ Dictyocyata elegana^ Uhdella 
candatdy Chcetoceroa skeleton, JDactioaolen antarcticua^ ChaHeng- 
eria xiphodon. The author adds : "All the above data, which 
I could easily multiply, prove beyond doubt that the gult-stream 
water, proceeding from the east of Africa towards the Azores and 
the European coast, expands above the 40° N. so far to the west 
as to approach the American coast. From 40° N. it advances to 
the north, to Iceland and the Faroe Channel. It turns in Septem- 
ber to the north of Iceland. From the Far5e Channel it flows 
into the North Sea and, as will be shown further on, towards 
Spitzbergen. 

In the following I will treat of some styli-plankton forms with 
a very wide range of distribution, in order to show that the 
styli-plankton also follows the South Equatorial current to S. 
America as well as into the Caribbean Sea, and the Antilles and 
Florida currents towards the north." . . . 

Hear are included Paracalanua parvus, Coscinodiscns (Plankto- 
niella) SoL^ Rhizosolenia styliformis. The author concludes : 
"The range of distribution of Rhizosolenia atyliformia fairly 
indicates the area within which the styli-plankton occurs. 
Although of so wide a range it has been very rarely seen in the 
Sargasso Sea, round which the styli-plankton water occurs. 

In March-May the styli-plankton extends along 50° N. from 
America to the English Channel. Already in April this area has 
advanced to 60° N., in June to Iceland. From that island it 
spreads on the east to the Shetlands, on the west to Greenland, 
where rare specimens follow the east Greenland current and arc 
conveyed in October into Davis Strait. Other specimens follow 
the current to the north of Iceland in September, others drift to 
Spitzbergen, where they already appear in August." 

5. Annala of the Aatronomical Obaervatory of Harvard Col- 
lege, Edward C. Pickering Director. — The recent publications 
of this valuable series are as follows : 

Volume XXXII, Part II, contains Visual Observations of the 
Moon and Planets, by William H. Pickering, carried on for the 
most part at the station near Arequipa. Volume XXXIII con- 
tains Miscellaneous Researches made during the years 1894-1899 
by diJQferent observers ; these include Photometric Observations 
of Asteroids, Observations of Variable Stars, Nebulae, Comets, 
etc. Volume XLII, Part II, contains the Observations made at 
the Blue Hill Meteorological Observatory in 1897 and 1898, under 
the direction of A. Lawrence Rotch. These are concerned chiefly 
with Cloud Observations under varying conditions. Volume 
XLIV, Part I, contains a Photometric Revision of the Harvard 
Photometry during the years 1891-1894, by Edward C. Pickering. 

6. Publicationa of the Yerkea Observatory, University of Chi- 
cago, Volume I, pp. 296. A General Catalogue of 1200 Double 
Stars ; by S. W. Burnham. Chicago, 19.00. — The appearance of 
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tbe first volume of the pablications from the Yerkes Observatory 
is a notable event. It contains the catalogue of the double stars 
discovered by Prof. Burnham from 1871 to 1897, arranged in 
order of right ascension, with all the micrometrical measures of 
each pair. The Introduction contains a description of some of 
the instruments employed by Prof. Burnham, accompanied by a 
series of plates ; one of these, the frontispiece, shows the great 
40-inch Clark telescope of the Yerkes Observatory. 

7. La Geographies, Bulletin de la SocieU de G^ographie. — ^The 
Sooi6te de 66ographie of Paris has inaugurated, with the opening 
of this year, a new journal called La Geograpbie, which is to be 
published on the 15th of each month ; it will include in expanded 
form the formerly issued Bulletin trimestriel H,nd Comptes JRendus. 
Each number will contain some eighty pages, large octavo, includ- 
ing original memoirs, a bulletin of geographical news, a biblio- 

fraphical index, and a compte rendu of the meetings of the 
ociety. It will be illustrated with plates and figures in the text 
The members of the Society who are chiefly concerned in editing 
the new journal are Baron Hulot and M. Charles Rabot. Two 
numbers have already been received : these contain a series of 
interesting articles; thus, two papers by Gen. Gallieni upon 
Madagascar and its resources ; an account of a trip across Corea 
by Marcel Monnier; results of the Belgian Antarctic expedition 
by E. Racovitza, and others of like value. 

8. Biological Laboratory of the Brooklyn Institute of Arts 
and Sciences, — It is announced that the eleventh annual session 
of the Biological Laboratory of the Brooklyn Institute at Cold 
Spring Harbor, Long Island, will be held during the months of 
July and August, 1900. The regular class work will begin on 
Wednesday, July 4th, and continue for six weeks. The labora- 
tory will be open for work from July 2d until August 25th. 
Investigators may make arrangements for using the laboratory 
from the middle of June until the middle of September, or later, 
if desirous of doing so. 

The Director of ihe Laboratory is Prof. Charles B. Davenport 
of the University of Chicago. The course of instruction includes 
zoology with comparative anatomy, and embryology and botany 
with ecology and bacteriology; advantages are also offered to 
students in other directions. Those desiring further information 
are referred to the Director (Chicago) or to Prof. Franklin W. 
Hooper, 502 Fulton street, Brooklyn. 

9. Royal Academy of Sciences at Berlin, — The 200th anni- 
versary of the foundation of K. Akademie der WisseDSohaften at 
Berlin was celebrated with appropriate ceremonies on the 20th of 
March. The following new foreign correspondents from the 
United States were appointed : Prof. J. Willard Gibbs of New 
Haven, Prof. Henry A. Rowland of Baltimore and Prof. William 
James of Cambridge. 

La riduzione progressiva della variabilita e i suoi rapporti ooU^estinEioDe e 
coirorigine delle specie, di Daniele Rosa, pp. 3-133, 1899. 
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Art. XKX.—^oies on the Geology of the Bermudas ;* by 

A. E. Verrill. 

The geology of the Bermudas, though simple, has attracted 
considerable attention and has been reported upon quite fully 
by several writers. (See page 339.) In this brief article 1 
propose to give mainly the general conclusions arrived at by 
myself, from observations made at Bermuda during a visit to 
the islands in April and May of 1898, with a party of students 
from Yale University, made for the purpose of studying the 
fanna, as well as the geology. 

In some respects my conclusions will be found to diflEer con- 
siderably from those of others who have written upon the sub- 
ject. Though in the main my studies confirm the observations 
made by Professor W. N. Rice, Mr. A. Agassiz, and Professor 
Stevenson, yet, in my interpretations of the facts, I do not agree 
entirely with either of those writers. The differences are 
mostly in respect to special points, but yet in some cases they 
are oi considerable significance. 

It has been known for some years that the Bermudas are not 
coral islands, as they were formerly thought to be, and that 
the outline of the group, though like that of the Pacific atolls, 
is not due to the growtli of corals and formation of coral reefs. 

The group consists of about 25 larger islands and a large 
number of smaller islets, but most of the land is included in 
the main island (Bermuda), which is about l-i^ miles in length, 
following its curvature, but is seldom two miles wide. This 
and the other islands at each end of it form a sort of crescent 

* Mostly an abstract from a course of six lectures on the Greology and Natural 
History of the Bermudas (illustrated by over 200 lantern slides), delivered at the 
lowell Institute in Boston, Nov. and Dec, 1 899. 

Am. Jour. Sol— Fourth Series, Vol. IX, No. 53.— May, 1900. 
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EXPLANATION OF THE MAP OF THE BERMUDA 

ISLANDS. 

The depths outside the reefs and in the lagooDS are in fathoms ; those od the 
reefs and shallows are in feet. 

I. I. — Ireland Island and Dry Dock. 

BZ. — Boaz Island. 

S. I. — Somerset Island. 

B. I. — Bermuda or Main Island. 
B. — Bailey Bay. 

H. — Hamilton, the capitol. 

H. S. — Harrington Sound. 

S. B.— Shelly Bay. 

F. — Flat's Village and the outlet of Harrington Sound. 

E. — Elbow Bay, with modern sand dunes. 

G. H.— Gibbs Hill Light. 

D.— Devil's Hole. 

C. — Causeway, destroyed Sept. 12, 1899, by a storm. 

C. H. — Castle Harbor. 

G. I. — St. George's Island and town. 

G. — St. George's Harbor. 

S. C. — Main Ship Channel or entrance to Murray Anchorage. 

D. I. — David's Island and Light. 
C. I. — Cooper's Island. 

N. I. — Nonesuch Island. 

K. L — Castle Island and ruins of King's Castle. 

The principal submerged sinks or drowned lagoons over 50 feet deep are 
shaded with parallel lines, and numbered I-VI. Their probable ancient outlets, 
called " cuts," are numbered VII to XV. 

I. — Murray Anchorage. 
II.— Blue Cut Sink. 
III. — Sink north of Ireland Island, or Western Chub Cut sink. 
IV.— Brackish Pond Sink. 
V. — Chub Cut or Western Ledge Sink. 
VI. — Great Sound Sink. 

VII. — Cut in Long Bar, leading* to a large passage 3 miles long 

and 6 to 7 fathoms deep, running S.E. and N.W. inside 

Long Bar Reef. 

VIII.— Hog Fish Cut, 7-10 fathoms deep, leading to Chub Cat 

Sink, from the southwest. 

IX. — Chub Cut, 7-8 fathoms deep, leading to Chub Cut Sink, 

from the north. 
X — Western Blue Cut, apparently partly roofed over by the 

reef, leading to Sink III. 
XI. — North Rocks Cut, leading toward a small sink 1 1 fathoms 
deep, not numbered (North Rocks Sink). 
XII and XIII. — Ledge Flat Cuts, 7-9 fathoms deep, connected 
together inside the outer reefs. 

Cwiiinu^d on page 316. 
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XIV. — Mills Breaker Cut, 10 fathoms deep, leadiag towards an 
irregular Bin k (not shaded) 6 to 14 fathoms deep, and 
about 2 miles long. 

XV, — Main Ship Channel or the Narrows, a narrow out leading 
to Murray Anchorage. 

XoTB. — The map is much altered from that ot AKassii by Ihe addition of ibe 
three coDt«ur lines, at Id. 20, and 100 fRthoms depths; bj ahading; the d«ep«r 
parts of the larger lagoons, where the depth eicecds SO feot; lod in some other 
respects. It is based oa the Admiralty Otiart. reduced by pholo^aphy. 




FtauRE 2. — Cliff of leollnn limestone on llie South shore, showing the irr^lar 
strati lies ti on aod tlio deeply pitied rough surface coated and inHllraled ffitb 
calcite, characteristic of most of the di&a that are exposed alternately to tbe 
action of tlic sea spraj and dry air. 

about 15 miles in length, in a straight line, but this crescent h 
continued around, in the form of an ellipse, by the innumerable 
Biibmerged or nearly snbmei'ged flat reefs, many of wbieli are 
bare at low tides. The whole ellipse probably covers over 230 
square miles, but the dry land contains ecarely 20 square miles. 
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The onter line of reefs, on the northern side, encloses a great 
bay of shallow water, very much obstructed by innnmerable 
flat reefs, large and small, many of which are nearly or qnite 
bare at very low tides. But several considerable areas exist in 
this bay, where the depth is from 6 to 12 fathoms (rarely 14) 
and the bottom is composed of fine calcareous mod and shell- 




FlGDBI 3.— PinDade rock of solian limeatono on South shore, shuwiog sand- 
ilritt Mntlflcitlon, aboT». and iha deeply pilled, rough, hard aiirfacv below, infil- 
trated and coated with caldtc. 

sand. (Sec map, areas I-VI.) Castle Harbor and Harring- 
ton Sound also contain areas of similar depth and character of 
bottom, the latter being the deeper. 

The interior of the larger islands is liilly and irregular, 
some of the hills being 200 to 26S feet high. Nearly the 
whole of the southern side of the larger islands is composed of 
high precipitous ehtfs, witli a few small coves. Similar but 
Ices elevated cliffs form much of the north shore, but are not 
80 eontinoons. The rocks are almost everywhere rather soft 
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seolian limestones, with strata dipping irregularly in all 
directions and often at high angles, so that they wear away on 
the coast into very rough and rugged forms. Where these 
rocks, along the shore and between tides, are exposed alter- 
nately to the sun and to the action of salt spray, they become 
deeply pitted and honeycombed, and often very jagged, while 
the surface and a layer beneath become very hard and solid 
by the infiltration and deposition of calcium carbonate. In 
this condition these rocks often give a ringing sound, when 
struck with a hammer, and are resistant to erosion. (Figs. 2, 3.) 

My attention was directed more particularly towards the 
determination of the precise nature and mode oi formation of 
the white calcareous mud and sand on the bottom of the bays 
and lagoons, and of the beaches, and its probable rate of 
formation ; to the probable rate and mode of erosion of the 
cliffs and reefs ; to the rate of subaerial erosion and formation 
of the " red clay " soil ; to the evidence of former elevation 
and subsidence of the land and its extent ; and to the possibility 
of connecting such changes with corresponding changes on the 
American coast in the Glacial and Post-glacial periods. 

My general conclusions may be summarized as follows : 

1. The present Bermuda Islands are a. small remnant of a 
very much larfi;er island which formerly occupied the same 
position, and which we may call the Greater Bermuda. This 
Greater Bermuda covered an area of about 300 to 400 square 
miles ; was elliptical in outline, about 28 miles long and 15 
wide, and the highest land must have been at least 375 feet 
above the sea. It had large areas of sand beaches and flats, 
bare at low tide. The existing islands contain only about 20 
square miles (12,378 acres), and the highest hill is 268 feet. 
(See map, Hg. 1.) 

2. A subsidence of at least 80 to 100 feet took place at a 
period comparatively recent (geologically speaking), by which 
the Greater Bermuda was depressed below the level of the sea, 
for the most part, converting what were lowlands into sounds 
and bays, and changing the shore cliffs of the Greater Bermuda 
into a series of islands and reefs, corresponding to the present 
outlying reefs, most of which now, after a long period of 
erosion, hardly rise above the sea-level. The submerged reefs, 
as shown by the excavations for the dry dock, are composed 
of the sand-drifted rock to the depth of at least 50 feet below 
the present sea-level. This observation shows that the amount 
of smking has been at least 50 feet. Other facts, referred to 
below, show that it must have been at least 80 to 100 feet.* 

3. The Greater Bermuda, as well as the present Bermudas, 
and also the submerged reefs and islands, so far as visible or 

*For a discussion of this (see pp. 324-327). 
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excavated, are composed of shell-sand drifted from the beaches 
and sandy flats by the winds in former times into hills and 
afterwards consolidated by infiltration and exposure to the 
atmospheric influences into what is known as aeoiian limestone. 
A few local deposits of beach-rock, containing broken shells 
and corals, are the only certain exceptions to this.* 

4. The reefs do not consist of coral, but of seolian rock, 
made up of shell-sand with very little coral.f The living 
corals, though abundant, constitute a mere coating over the 
surface of the reefs, and an imperfect coating at that. Nor do 
they contribute very much material to the sands or mud. 
The islands and reefs, though in the form of an atoll, do not 
form a true atoll, hut a. pseudatolL Although having the form 
of an atoll they are not coral reefs, — they are sunken wind- 
drifted sand-dunes. But they may, perhaps, rest on a founda- 
tion of coral rock, of earlier age, now deeply submerged. The 
living corals help to protect the reefs from rapid erosion. 

5. The white sand and mud of the bottom of the bays 
and sounds and of the beaches consist mainly of small moUus- 
can shells, mostly broken, with a few foraminifera and coral- 
lines, and a variable amount of detritus from the erosion of 
the cliflEs. This is a matter that I consider of importance in 
the geology of the islands, because most of the writers have 
more or less misunderstood the nature of the material of these 
sands and their origin.:]: The limestones consist of the same 
materials. (See tigs. 8, 9.) 

6. This shell-sand is constantly increasing in amount chiefly 
by the annual growth and death of small shells, as in former 
periods, so that the total mass of the islands is probably still 
increasing, beneath the sea. 

7. The periods of most rapid and extensive formation of the 
beach shell-sand and of the great sand-dunes that formed the 
hills of seolian limestones were the periods of progressive eleva- 

* These depoBits of beach rock are in some cases of very recent origin ; others 
are of much earlier date ; but all contain only existing species of marine shells. 
They are seldom more than 10 to 12 feet above high tide. The materials for such 
coarse beds may have been washed to that height, or even higher, in exposed 
places, by storms like that of last September. The ^' base rock " so called appears 
to me to be only a part of the seolian limestone altered locally by infiltrations of 
calcite. (See p. 321.) 

f One reason for this is because most of the common reef corals at Bermuda 
are large massive species of Diploria, Mceaiulrina, Orhicella, Siderastrcta, and 
Porit^ts astrotoideSj all of which attach themselves so firmly to the reefs that they 
are seldom broken off even by violent storms. Millepora is the most common 
branched and brittle form, and is the most common as fragments in the sands and 
limestones. The star coral {Obicella annularis) is common in large masses on 
the outer reefs. The larger 0. cavernosa is less common in the same places. 
Jjiploria forms hemispheres sometimes 5 or 6 feet across, and is abundant. No 
madrepores occur here. 

X See discussion of this on pages 328-330. 
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tion and subsidence in which the elevation was intermediate 
between that of the Greater Bermuda and the present, or when 
the land stood from 30 to 60 feet higher than now, thus con- 
necting the extensive bays and sounds into great sand-flats, 
more or less extensively covered by the tides at high water, 
and bordered by broad sand beaches laid bare at low water 
from which vast quantities of sand could be taken and carried 
inland by the winds. At present the sand-beaches are all of 
small extent. It is probable that the higher hills of the pres- 
ent land represent the older sand-dunes formed during the 
elevation of Greater Bermuda.* 

8. Erosion has occurred on a grand scale since the sob- 
mergence took place, cutting away the shore cliffs to a very 
great extent, converting many of the outer islands into mere 

J)latforms of rock, either a little below the level of the sea at 
ow tide or just rising above it, and also occasionally leaving 
detached pinnacles of harder rock on the outer ledges and 
reefs, of which the most remarkable are the North Rocks (tig. 
11) which stand on a large flat submerged reef about 8 miles 
from the islands. They are clearly composed of seolian lime- 
stone, rendered hard by infiltrations of calcite. 

9. The rate of the erosion by the sea has been greatly exag- 
gerated by most writers. Data obtained by me indicate that it 
must have taken at least 25,000 to 30,000 years to accomplish 
the erosion of the high cliffs facing on Hamilton Sound, which 
is nearly land-locked. The data hitherto obtained applies 
better to the erosion of the cliffs of Hamilton Sound than to 
that of the outer cliffs. So far, we have not been able to get 
any reliable data for estimating the amount and rapidity of the 
erosion of the exposed cliffs, especially of those on the south 
shore where the erosion is most rapid and extensive. A care- 
ful comparison that I have made between recent maps and a 
good map published 274 years ago shows very little change in 
the size or outlines of the islands, bays, and harbors since that 
time.t 

* A fuller discussion and more illustrations of this and other points of Bermu* 
dian Geology will be given in a more extensive paper, to bo published in the 
Transactions of the Connecticut Acad, of Sciences, Vol. XI. 

f The map particularly referred to was made by Richard Norwood, before 
1622. " A mapp of the Sommer Islands, once called the Bermudas," London. 
] 626. Reprinted from an original engraving in the British Museum, by Governor 
Lefroy in " Memorials of the Discovery and early Settlement of the Bermudas or 
Somer'ri Islands," London, 1877 (end of vol. I). A much less complete edition of 
this or an earlier map was published in 1624, in Capt. John Smith's "General 
History of Virginia, New Kngland. and the Summer lis." 

A later survey and map by Norwood, completed in 1663, has also been reprinted 
by Gov. Lefroy, in the work cited, p. 644, but the shore lines are much coarser 
and less accurate in the latter, which was made mainly with reference to the 
transfers of land and the boundaries of estates. See additional discussion of the 
maps, p. 324. 
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10. A process of secondary infiltration of the rocks with 
solutions of calcium bicarbonate and the deposition of calcite, 
thus filling the pores more or less completely and hardening 
the rock much beyond its original condition, is a very 
important factor in Bermudian geology as affecting both the 
littoral and subaerial erosion. There is good evidence that this 
has taken place extensively, not only at the surface but at a 
considerable and variable depth below the surface of the rocks, 
at levels corresponding to the variable upper limits of the zone 
of aqueous saturation, where the evaporation of the water and 
periodical sinking of the water level would cause such a deposit 
to form. As all the porous rocks, up to the level of mid-tide, 
are saturated with sea water, on which the layer of fresh water 
rests,* this zone of calcification would always be higher than 
that level and locally might be many feet above high-tide leveL 

11. Probably most of the so-called hase-rock has been formed 
in this way, by the calcification of ordinary seolian limestones.f 
Thus a " base-rock " of this kind would naturally be most often 
formed a little above high-tide level, underlying icnconform- 
ably the seolian limestones. This is the position in which 
this rock generally occurs, but it is also found at various other 
levels, as might be expected, and it is often lacking, both in 
natural shore-sections and in artificial ones.J Similar calcifica- 
tion of the rock may occur locally at or near the surface. 

Doubtless similar effects producing similar results have 
occurred at various levels and at various periods during the 
former changes in the elevation of the islands, for both eleva- 
tion and submergence were probably intermittent, with long 
periods of rest. 

Rocks exposed to the surf along the shores, both between 
tides and high up on the cliffs, become deeply pitted and honey- 

* Shallow wells and tanks have often been excavated on the islands, but when 
they go below mid-tide-level the water at the bottom is always salt or brackish, 
and the fresh water, which floats on the salt, can only be obtained fit for use at 
certain stages of the tide. 

•(■The "base rock" sometimes shows d\si\nQt cRoUan stratification^ though it is 
more commonly nearly homogeneous and without stratification where best devel- 
oped. It is composed of shell-sand like the ordinary seolian rocks. I could not 
find evidence that the so-called base rock represents a distinct period as explained 
m sections 4 and 5. Mr. A. Agassiz also failed to recognize them as a distinct 
formation, but Professors Rice, Tarr. and Stevenson all considered them a distinct 
deposit of earlier date than the ordinary aeolian limestones, because they appear 
m some cases to underlie the latter. But if the above view of their origin be cor- 
rect, this does not indicate a distinct formation nor earlier period. 

X The rock found beneath the peat bog at Ireland Island at the depth of 50 feet 
has been described as " the ordinary base rock " with irregular upper surface, 
and also as an ceolian limestone. In either case it was doubtless consolidated 
above sea level by infiltration. The more recent loose deposits (about 30 feet 
thick) above the peat were not consolidated and consisted of shell-sand, broken 
shells and massive corals and pebbles. Such materials at Bermuda do not seem 
able to con.solidate into limestone beneath the sea. 



i 



322 Verrill — Notes on the Geology of the Bermudds. 

combed and very jagged and rough, and at the same time very 
hard owing to infiltration of the surface and deposition of cal- 
cite in consequence of the evaporation of the water of solution. 
(See fiffs. 2, 'd.\ 

12. Infiltration and solidification of the rocks have also 
occurred on the surfaces of vertical cracks and along subter- 
ranean water passages, causing various local hardenings of the 
rock which become very evident during denudation. 

The formation of detached columns and pinnacles of rock 
by erosion, and especially of such places as Cathedral Eocke 
(tig. 5), is largely due in most cases to the previous local hard- 
ening of the rock along tissures that have served for the pas- 
sage of calciferous waters, causing the hardened portions to 
longer resist erosion. 

13. Subterranean erosion has taken place on a large scale, giv- 
ing origin to extensive caverns and water channels. (Figs. 5, 6.) 
The roofs of these have often fallen in, producing sinks, ponds, 
and marshes, large and small. Probably the basins occupied 
by Harrington Sound, Castle Harbor, and others similar in 
character were in large part excavated by subterranean waters 
when the land stood at its highest level.* But this action 
probably does not occur much, if at all, below sea level. 
Therefore if the deep passages among the reefs, and the deeper 
parts of the sounds (see map 1, areas I-VI), were made in 
this way, it would have required a former elevation of over a 
hundred feet above the present level. (See p. 326.) 

14. The '' red soil " of Bermuda and other native soils are 
mainly the residue left after the destruction and solution of 
the limestones. Its formation has been a very long and slow 
process, for the amount of impurities in the limestone is very 
small — probably less than an average of 1 per cent. Some 
of this material in the limestone was probably of foreign 
volcanic origin (floating pumice and ash from the West Indian 
volcanoes perhaps), but some of it may have been derived indi- 
rectly from the ancient Bermudian volcano or from the craters 
represented by the Challenger and Argus Banks, which may 
have remained active much later than the main crater.f 

* It is possible, however, that the central basins within the reefs were due in 
part to the original form of the volcanic summit, and correspond to several more 
or less separated and filled up craters of the ancient volcano, while the outer 
reefs may correspond to a certain extent with their more or less elevated margins, 
which may have been first occupied by ancient coral reefs now deeply submerged. 
Deep borings can alone determine this question. 

f This refers to the possibility that some of the materials of the older seoliaa 
limestones may have been derived by rewashiog from preexistent rocks, now sub- 
merged, which may liave contained beds of volcanic ashes or pumice of local 
origin. No beds containing any notable amount of volcanic ashes are known to 
exist at present on the islands, but most of the limestones leave, after solution, a 
small per cent of grains of probable volcanic origin. 
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). Probably the greatest elevation of the Greater Bermuda 
coiDcident in time with the Glacial Period of North 
erica and Europe. The same elevation of the northern 
ons of America and Europe which produced the Glacial 
iod, or was coincident therewith, also affected Bermuda, 
ch lies only about 700 miles south of Nova Scotia, where 
elevation was far greater in extent. (See p. 337.) 
5. The period of greatest subsidence was probably coinci- 
t in time with the rost-Glacial or Laurentian period of sub- 
gence on our coast. The subsequent small elevation, after 
greatest subsidence, is supposed to have been only six to 
feet, while the coasts of Nova Scotia and northern New 
;land have been elevated more than 100 feet since the 
itest depression. This movement, also, was probably due to 
same causes in both places. 

r. The climate of the Greater Bermuda was warmer, more 
dy, and more moist than at present, so that certain West 
Ian species have become extinct in Bermuda, but are found 
Dssils in the old limestone, mingled with other species still 
mon on the islands. The storms were probably more 
jre, owing to the proximity of the glaciated American 
it, and consequent sharper contrasts in temperature. (See 
38.) 

S. The visible Bermudas, and also the Greater Bermuda, 
on the hidden summit of an ancient volcano. This ancient 
tano is conical in form and rises over 15,000 feet above the 
om of the surrounding deep-sea. The slope of this sub- 
ged volcano is exceedingly steep, thus indicating its vol- 
c nature, which is confirmed by very unusual local magnetic 
ations about the islands.* These variations indicate the 
lence of large masses of iron-bearing volcanic rock at no 
it depth below the surface. 

his volcanic cone probably had a considerable elevation 
re the sea, but was cut down to or below sea level by the 
es to form the foundations of the Greater Bermuda. 
). Two other similar, but smaller, peaks lie a few miles to 
southwest of Bermuda, and form what are known as Argus 
k and Challenger Bank,f both having, in general, from 20 
to fathoms of water over their surfaces, but Argus Bank 

lee Voyage of the Challenp:er. Narrative, I, p. 140: "The observations made 
le Expedition showed that the variation differed in various parts of tlie 
1 as much as G*, ranging from 4" W. to 10° W., the smallest amount being 
1 at a small islet just under the lighthouse on Gibb's Hill, and the greatest at 
oint on the west side of Clarence Cove." Such variations do not exist at sea, 
r miles from the islands. 

he nearest is the Challenger Bank. It lies 13 miles S. 50° 14' W. from 
8 Hill light. It is about 10 miles in circumference. The distance from the 
athom line of Bermuda to its inner edge is not over four miles. 
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rises ill one phice to witliin 8 fathoms of the surface of the soa. 
These two peaks and Bermuda are connected together bv a 
ridge, covered with water only 580 to 690 fathoms deep, while 
the siirronnding scp, on all sides, is over 2,000 fathoms deep. 
Tlie snhmergcd elope of tlio Bermuda Monntain, on the north 
side, is steeper than that of anv known large volcauo npon tlie 
dry land. It falls off 1250 fathoms in G miles. That is at tbc 
rate of about 1250 feet to the mile. The slope of the Aigus 
Bank is, on one side, 7620 feet in 10 miles. (See fig. 4.) 




FtaUBK 4. — I. Soctioiml d[ni;rnm of submerged glope Dorthward from ICorth 

It. Tlio tuinic (ontliivnnl From Caatle Harbor (C). 

IIL Sketcb map allowing the >>i(uatioii of Argua Book (A); CballeDj^r Bau'n 
(O; anit soutlmeatcrn cd<I of tlio Bcrmiidaa: Someraet Ii>laDd (S); Ireland 
[aUnd(l); Miiin Ixlauil or liernuida (B. I.); HuuiiltOD town (U); n, £, liD« of tb? 
iiectioD Blion'D ill IV'. 

IV. Sei-tion tliroiiRh Sottirrtiot I)ilnii<1 (S), ClialleD(^r Bank (C), and Argus 
Bank (A), alonfc the Imo .i. I., in 111. 

All Mimdiuga iiro f\\-ea iti fiitlioms. 

Evidences of Siibsidaice. Ftgs. I, 5, 6, 

In making tlie excavation for the gi-eat drj dock at Ireland 

Island a hcd of peat was found, containing cedar stamps in a 
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vertical position at 45 feet beneath tbe sea, and below this 
teolian limestone or "base rock," In the peat bed were fonnd 
sbells of the snail {PcEoih)sonite8 Bermudensia), still living, 
and the bones of birds (nndetermined). 

Among other facts indicating subsidence are the various 
caverns with large stalactites and staiaginites now depressed 
more or less below tbe level of the sea and lilled witb sea 
water, which is said to be at least 40 feet deep in some of 
them. The stalactites descend into the sea water in some 
cases. Tbe Walsingham caves are of this description and there 
are others qnite as remarkable. Devil's Hole, in which great 




FtoURB G.— Cathedral Rocks OD SomerGel iBland. This appears to be the 
niiDs of ao andent cavem and water passages which have been pnrtlj brokpu 
dowu and disaecled by thp sea. Tlie roof has parti; fallCD dotru. The columns 
■re hardened by inflUration and roughly pitted. 

numbers of fishes iire kept confined, is such a cavern from 
which the roof has fallen awa;. Tbe sea water in it is said to 
be 40 feet deep. 

Some of the existing peat bogs are said to extend to the 
depth of 45 feet beneath sea level, and to contain very large 
cedar Btumps. Such deposits cannot be formed here except 
above sea level, for, owing lo tbe poi-osity of tbe rocks, all 
depressions below the sea level become lilled witb sea water, 
Tims these peat bogs afford evidence of submergence, for the 
peat consists of the remains of various terrestrial plants. 

The evidence of still greater subsidence is derived from the 
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depth and character of the various more or less eacloeed bays, 
sounds and harbors, and of the channels leading oat from 
them. It is considered liighlj probable that these depressions 
represent valleys of erosion that were excavated on dry land 
at the period of the greatest elevation of the Greater Bermuda. 
At that time the extent and elevation of the land mnst have 
been snch as to have given rise to violent torrents of water 
among the lulls during the rainy seasons ; such torrents would 
bave acted in the usual way, but mitny of them may have dis- 
appeared in " sinks" in the valleys, before reaching the sea, li 
many large streams do in the limestone regions of our Bontbeni 




FiODRE 6. — Cbuam aud natursl bridge op Cooper'a Island. This appears to 
have been as sDcieiit underground waler-way , now partly submerged, froin irbidi 
a purt of the roof lias fallen. 

States (West Virginia, etc.). In that case they would have 
eroded subterranean channels and caverns which eventnallj 
would have collapsed prodncing larger and deeper sinks, until 
finally their deepest channels would have cut down nearly to 
sea level, and the depressions or valleys of erosion woold in 
some cases have become nearly as deep. At present the land- 
locked Harrington Sound, iu its deepest parts, is 80 to 95 feet 
deep. There are many places in Great Sound, Murray Anchor- 
age, and other parts of the bay within the reefs, where the 
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depth is from 50 to 80 feet or more.* Some of the narrow 
passages in the outer reefs have similar depths. They are now 
apparently filling up by the accumulation of the shell-sands on 
the bottom. This must certainly be the case in Harrington 
Sound and Great Sound, where there are not sufficient tidal 
currents or storm waves to carry away even fine mud. In fact, 
everywhere over the bpttoms of the enclosed sounds the 
accumulations of recent soft calcareous shell-sand and mud is 
far in excess of the amount carried away mechanically and by 
solution combined. Possibly the currents may be sufficient, in 
the main ship channel, to carry away the detritus and prevent 
filling up, rapidly, but they are not sufficient to effect erosion 
of tne bottom. 

Therefore it is reasonable to conclude that all such depres- 
sions give evidence of former erosion above the sea and conse- 
auently of later submergence to the extent of their greatest 
epth or more. 

These sunken areas, within the outer reef, are identical in 
character and depth with Harrington Sound, which they often 
exceed in size. The latter has also a deep subterranean outlet 
into Castle Harbor, besides its shallow outlet at Flat's Village. 
Were the high ridges around Harrington Sound eroded to the 
level of the reefs, it would agree in every way with such areas 
as II, III, or V, except that it is rather deeper. 

The bottom outside the outer reefs is covered with rough 
ledges or broken masses of limestone to the depth of 150 feet 
or more, and the slope is gradual to 300 feet or more. This 
zone represents, most likely, the shore ledges, beaches, and 
shallow waters of Greater Bermuda. If so this zone of rough 
bottom would indicate a submergence of at least 150 feet, 
which is by no means improbable. 

The present very uneven surfaces of Argus and Challenger 
Banks are like those of Bermuda, and indicate erosion when 
they stood above sea-level. Some considerable parts of their 
sammits are now 180 to 240 feet beneath the sea ; other parts 
(Argus Bank) are only 8 feet. Erosion by waves on such 
sunken banks would be a levelling process and does not extend, 
even in great storms, with noticeable effect, more than 120 
feet below the sea-level.f Hence it is probable that they have 
subsided at least 240 feet since they were eroded. 

* The most important of these are represented on the map (Fig. 1) by the 
areas shaded with coarser parallel lines (I-VI). The deep narrow passages lead- 
iDjf out from these and sometimes (as at X) running under the reefs, are num- 
bered VII-XV. 

f George's Bank and Nantucket Shoals, off Cape Cod, maintain themselves in 
the face of the most violent storms. Although composed only of loose sand and 
gravel, their shallowest parts rise to within 25 to 30 feet of the sea-level. This 
indicates that the abrading action of the waves decreases very rapidly even at 
such depths. 



328 VerriU — Notes on the Geology of the Bermndas. 

Re'devation of the Bermudas, Fig, 7. 

The evidence in regard to the reelevation of the islands 
after their greatest depression is not entirely conclusive. 
Professor Kice adopted the view that snch an elevation, of 
small amount, has taken place, but Mr. Agassiz took the oppo- 
site view. At most, the elevation was not over 12 to 15 feet 

The evidence depends partly upon the existence of local 
beach deposits, containing existing marine shells, at various 
localities, as at Ireland Island, described in detail by ProfesBor 
Rice. The most elevated beds of this kind are not over 15 
feet above the sea. Mr. Agassiz suggests that such depodts 
could have been thrown by storm waves to such beightL^iDd 
therefore that they do not prove elevation. This is no qeiibt 
true in exposed situations, but some of these beds are sitoitod 
in partially sheltered harbors where such violent wavo airtjon 
would probably not occur. It appears to me probable thakpart 
of these beds were made just below sea-level, or between tidee, 
and therefore do actually give evidence of elevation. That 
they are not more extensive and general may be due partly to 
the abruptness of the shores in most places, and partly to sab- 
sequent erosion. Still we should expect to find manysoch 
deposits around the low shores of the land-locked bays and 
lagoons, where they are not known to exist, had such a general 
elevation taken place, even to the extent of 5 or 6 feet. 

Another reason for thinking that an elevation of several feet 
has occurred is the peculiar character of the erosion on manv 
of the cliffs, for a second very marked plane of maximum 
erosion can often be observed 6 to 10 feet above the one situ- 
ated at or a little above the present high-tide level. In many 
cases the cliffs are thus undercut at two levels. In other cases 
cavernous places or "ovens" of large size have been excavated 
entirely above the reach of ordinary waves. This is the case 
on the islands in land-locked Harrington Sound as well as in 
more exposed situations. It seems hardly probable that occa- 
sional severe storms could effect this kind of erosion at such 
elevations. (Fig. 7.) This upper zone of erosion has appar- 
ently been mostly removed by subsequent erosion on the more 
exposed cliffs, especially on the south side. 

Nature and Origin of the White Sands. Figs, 8, 9. 
Most writers have spoken of the white sand of the beaches 
and lagoons as "coral sand." Mr. A. Agassiz considered it as 
chiefly derived from the erosion of the limestone rocks of the 
shores. If this were the case, it would imply a rapid decrease 
in the total mass of the islands, for much of the finer sand and 
mud in shallow water is stirred up by storms, and then is con- 
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stantlj carried awaj by waves and cnrrents into deep water. 
Mosiey was, I think, the firet writer who Btated that the sand 
is chiefly composed of shells* and that the same is true of the 
limestones. 




FtaURE t. — Cliffs of ffioluD limesCone on tha North sbore, ehowiog two 
strongly marked plaoeB of erosiOD, the upper oae several feet aboTe high-tide 
level. The honeycombed rocks are hardened by inSttratioua nnd coatiogs of 

Our party dredged np large quantities of the sand and mud 
in varions depths in Harrington Sound ; Castle Harbor ; Mur- 
ray Anchorage, Bailey Bay; and in the main Ship Channel, 
down to depths of 50 feet or more. A large amount was 
bronght back for careful study. 

All these samples, whether coarse or fine, consist mainly of 
molluscan shells, mostly of small species, and badly broken up, 
especially in the finer varieties (tig. 8). 

More than 50 species of small shells, in fresh condition, have 
been picked out from a small part of this material. The most 
abundant species are small bivalves of many kinds, but small 
gastropods, snch as Cerithium, TurboniMa, Ccecum, and Ria- 
8oidcB are also abundant, and of many species, as well as various 
larger forms in the coai-ser samples (hg. 9). With the shells 
are a number of species of Foraminifera, but these are not 
abundant. There are also, in the coarser samples, a very few 
bits of broken branched corals (chiefly Millepora), and a few 
fragments of calcareous algie, sea-urchins, bryozoans, etc., 
'Notes by a Naturalist on tlie Challenger, p. 19, 1879. 
Am. Jodb. Sol— Fourth Sbbibb, Vol. IX, So. 63.— U*y, 1900. 
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together with a few Biuall fragments of seolian limeBtone and 
particles of coal and cinders from steamers. 

The shells, on the average, constitute about 80 to 90 per 
cent of the whole mass ; limestone dctritns perhaps 5 per cent. 

The shells are mostly recently dead. Their generally broken 
condition (fig, 9) is dwc to the fact that they have mostly been 
swallowed and passed through the intestines of the large sea- 
urchins {Toxopneuates). and two species of large holothnrians 
(Stichomts), wiiich are very abundant everywhere on these 
sandy oottoms, and whose large intestines are always found 




filled with the sand. Many of the abundant smaller fishes 
also feed largely on the shells, as do some of the crabs. All 
these creatures, and others, are in fact coDtinnallj at work kill- 
ing and breaking up the shells, large and small. Such mol- 
lusks are, however, very prolific and mature rapidly, so that 
they are able to keep up their customary numbers. 

SubtBrial Erosion. 
In the Bermudas, owing to the equable climate and absence 

of frost, the phenomena of erosion and subserial disintegration 
of the rock is very much simplified, as compared with Europe 
and the greater part of North America, There is every 
reason for believing that the present conditions have continued 
for an immense ])eriod of tune, without much change in this 
respect. Therefore observations that would give a fairly accu- 
rate measure of the present average rate of disintegration of 
the limestone would be of great value in determining the time 
required for the great changes that have taken place in past 
time. So, likewise, we might, by a careful study of the forma- 
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tion of the "red soil," as a decomposition product, or insoluble 
residue left after the solution of the limestone, be able to esti- 
mate approximately the total age of the dry land of the Ber- 
mudas. At present we can only say that this process of 
accumulation of the red soil is an extremely slow one. It 
probably requires the destruction of at least 200 feet of lime- 
stone to form one foot of soil. Probably the amount of this 
native soil on the island, if evenly distributed over the surface, 
would amount to at least two feet. Though there are large 
tracts where the average depth of soil is not over six inches, 
and also tracts of nearly bare rock, there are depressions and 
valleys between the hills where it is many feet deep. This 
light soil is easily washed from the hillsides into the valleys 
by the heavy rains, unless it be closely covered by grass or 
some other vegetation. On the contrary, as there are no 
brooks or streams of fresh water, comparatively little of it is 
carried into the sea and wasted.''^ Hence it follows that unless 
these limestones disintegrate with unusual rapidity, it must 
have taken a veir long period to form even one foot of soil. 
Some data that 1 obtained by examining the ruins of the old 
stone forts on Castle Island and others, built before 1620, 
show an unexpectedly slow rate of disintegration of the ordi- 
nary limestone used in the walls and buildings. This was con* 
firmed by observations made at other places. These data 
would make the average rate of subserial disintegration for the 
harder seolian limestones to be less than an inch in a centurv. 
This would require 240,000 years for the destruction of the 
200 feet of limestone necessary to form one foot of soil. 

But there are, in many places, areas of much softer limestones 
which decay far more rapidly and furnish soil much more 
freely. Such tracts of soft limestones have, by their decay 
and solution, given origin, in many cases, to the sinks, ponds, 
marshes, and caverns that abound on the larger islands. But 
many of the softer limestones when exposed to the air, as in 
the road cuttings, become, in a few months, very much harder 
and resistant to decay. It is rare to find in the extensive road- 
cuts any great portion of the nearly perpendicular side-walls 
that liave fallen away by decay. 

My observations, therefore, on this point, though not very 
satisfactory and far too few in number, point to a great 
antiquity for the Bermuda limestones,t though recent in a 

* This was probably not the case in the time of the Greater Bermuda, for tor- 
rents and large subterranean streams probably existed then, owing to the larger 
expanse of high land. 

t Doubtless investigations carefully made as to the rate of excavation of the 
caverns by solution of the rock, and of the rate of formation of stalactites, would 
show the same thing, for some of the Bermuda caverns, now partly filled with 
sea water, are of considerable extent and depth, with large stalactites that extend 
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geological sense. It would, in fact, appear that the age of the 
older or greater Bermuda must be as great as the Glacial 
Period at least. 

Littoral Erosion. Figs. 2, 3, 7. 

The same result was arrived at from a study of the rate of 
erosion by the waves, as shown on the masonry of the cause- 
way leading to St. George and in other places. This I'ate of 
erosion was found to be unexpectedly slow, under ordinary 
conditions, owing to the absence of ice and frost, and because 
there are no deposits of hard sand, gravel, and pebbles on the 
shores, which the storm waves might pick up and use as tools 
of destruction, by dashing them against the bases of the cliffs 
and against each other, as they do on our rocky coasts.* It is 
only diiring the severe storms and hurricanes, which occasion- 
ally occur, that much erosion is accomplished. 

Most observers, seeing the evidence of great erosion on all 
sides, and considering the softness of the rocks, have naturally 
supposed that the erosion has taken place far more rapidly than 
is the case. 

The causeway between the main island and St. George's was 
completed in 1871. It was about a mile long, and well built 
of native limestone blocks of large size. It was wide enough 
for two or three carriages abreast. It included an iron draw- 
bridge and several smaller bridges under which were strong 
tidal currents, flowing in and out of Castle Harbor. It was so 
situated in the passage between the islands that it was partly 
sheltered, and ordinarily it would not be exposed to the full 
violence of storms. By an examination of the masonry of this 
causeway at several places I found that during the 27 years 
that it had been built the erosion by the sea rarely amounted 
to an inch in depth, where most active, and the average erosion 
was less than half an inch, between tides; most of this, also, 
had evidently been eflEected within the first few years after its 

far below the surface of the sea water. Ii is said that the salt water is 40 feet 
deep in some of the partly submerged caves. The sinks and ponds, that are 
believed to be due to the falling in of the roofs of large caverns, also give evidence 
of a very long period of disintegration that must have preceded the great subsi- 
dence, for such caverns must have been excavated while above the sea-level. 

* On the coast of Maine and at Grand Menan Island, Bay of Fundy, the froet 
every year throws down from the high basaltic cliffs vast quantities of angular 
blocks of hard trap rock, large and small. These are tossed about smashed 
together, and dashed against the base of the cliffs, rolling up and down the slope 
of the beach with every storm-wave, with a thunderous noise, audible for many 
miles, so that in a few months they become round paviog stones and small pebbles. 
The smoothing of their surfaces is aided by the coarse gravel and sand mixed 
with them. 

Nothing of this kind can occur at Bermuda, where the fragments of soft lime- 
stone are quickly crushed and broken by the waves until nothing is left but soft 
calcareous sand and mud, with very little erosive power. 
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erection, before the stones had acquired their hard superficial coat 
of infiltrated calcite. It is true that these stones were selected 
from the harder beds of limestone and therefore had more than 
the average resisting power, but, as a matter of fact, after any 
of the soit limestones become infiltrated by calcite the surface 
is about equally resistant, so that the differences in power of 
resisting erosion by the sea, between tides, is much less than it 
would otherwise be. 

Allowing the average to be even one inch in 25 years, it 
would have required at least 25,000 to 30,000 years for the sea 
to have eroded the high perpendicular cliffs facing on Harring- 
ton Sound to the extent that they have been eroded. Andyet 
these cliffs are far more sheltered than the causeway, for Har- 
rington Sound is completely landlocked, with such a long and 
narrow channel connecting it with the outer bay, that it has 
scarcely any tide, — less than a foot. It is only two miles wide, 
BO that no great seas can be formed in it, even in severe storms. 

I have compared the causeway erosion with that of these 
sheltered cliffs, because a comparison with the cliffs on the 
exposed shores, especially with those on the south side, against 
which the storm waves dash with incredible violence, — would 
be far less justifiable. In fact, I did not obtain any reliable 
data as to the rate of erosion of the exposed cliffs of the south 
shore, except the observation that on Castle Island the ancient 
sea-walls of the forts were often built with their foundations on a 
shelf of limestone some distance below the original brow of the 
seaward cliffs, and they have not yet been undermined, but stand 
firmly where they were apparently put about 275 years ago. 
Some stairs cut out of the solid cliff-rock, in early times, going 
down to the water, are also still serviceable, but I coula not 
learn the exact date of their construction. In fact, these old 
works, as well as the early representations of them, indicate 
that this very exposed small island has not been eroded to any 
noticeable extent during 275 years. 

Hurricanes, 

During a violent hurricane last autumn (Sept. 12) the entire 
causeway, described above, was utterly demolished, scarcely 
one stone having been left on another. The vast seas that did 
this destruction came in from the southeast through the nar- 
row passage between Castle Island and the other islands that 
protect Castle Harbor on the south side, and then, after driv- 
mg through the shallow water and between the numerous reefs 
of Castle Harbor, they still had sufficient power to overthrow 
this substantial wall of masonry. The same storm destroyed 
nearly all of the stone docks and retaining walls in St. George's 
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harbor, and damaged many buildings there. At Ireland Island 
it nearly destroyed the extensive breakwater that protected the 
dry dock. It did immense damage in other ways, all over 
the islands. Many of the cedars and other trees were blown 
down and others were badly broken. 

A single storm like this probably effects more in the way of 
eroding the high cliffs than a hundred years of ordinary 
weather would. It would not surprise me to learn that parts 
of the old fortifications on Castle Island had been undermined 
and swept away by that storm, nor that some of the North 
Rocks had been overthrown. The local (Bermuda) papers re- 
ferred to the seas in this storm as washing over the cliffs on 
the south side, where they are over 50 feet high, and carrying 
with them large blocks of stone and other detritus to points 
far above high-water mark. Such a storm, therefore, by wash- 
ing up over the dry land large quantities of broken shells, 
corals, stones, etc., may easily produce deposits of "beach 
rock " overlying beds of seolian limestone, far above the sea- 
level, and thus produce a deceptive appearance of elevation of 
the land.* 

Early Maps and Sketches, 

Another way in which we can get some idea of the rate of 
erosion of a coast, and of changes in level, is by comparing 
early maps, when reliable ones exist, with recent ones. For- 
tunately the Bermudas were carefully surveyed soon after they 
were settled (1612) by a competent surveyor, Richard Norwood, 
who resided there many years. His survey was mostly made 
between 1615 and 1622. His completed map, dated 1622, and 
engraved in Amsterdam, was published and for sale in London 
in 1626 ; and this seems to be the best edition of it, for the 
outlines are engraved clearly and with care. (See p. 315.) 
Two other editions were published about the same time. A 
later careful survey was made about 1730 by Lempriere, whose 
first edition I have not seen. It was republished in '*The 
West Indian Atlas," by Thos. Jeffreys, London, 1780. 

I have carefully compared these early maps with the uiost 
recent Admiralty charts and with other maps made during the 
past century. The changes in outlines are very slight. In some 
cases small bays or coves have been converted into lagoons hy 
the formation of sandbars across the mouth. In other cases 
such bars have apparently been washed away, converting a 
small lagoon into an open cove. These are phenomena that 
are common on all sandy shores, and may take place during a 
single severe storm. 

* A similar severe hurricane occurred here just 60 years earlier (Sept. 11. 
1839). Other remarkable hurricaues are recorded as havlDg occurred in 1619 (two 
in November); 16th Aug., 1629; 1668, (no date); Oct., 1780. 
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But there is evidence from these early maps that no changes 
in level of appreciable amount have taken place during 275 
years, nor any notable decrease in the size, even of the smaller 
islands, by erosion. Had any change of level taken place, it 
would have prodneed marked changes in the size and form of 
the shallow lagoons and bays with low shores, snch as Mullet 
Bay. Bnt the ancient maps correspond remarkably well with 
the modern ones in respect to the size and form of all such 
bodies of water. 




FiocBB 10. — Facsimile of tbe reverse of Ihe ancient seal of the Bermuda Corn- 
pan;, ei^aved on tbe border of Norwood's map of Bermuda, published \a 1626. 
It shows the wreck of Uaj'a vessel \a 1 593. alonf^side of Kortb Rocka, which 
then appeared much as at preseot. Enlarged 1 j times. 

On the Norwood map of 1C26, in the two lower comers, are 
engravings of the seal of the original Bermuda Company. On 
the reverse side of the seal (fig. 10) there is a view of a wrecked 
vessel alongside of two high rocks, which are easily recognized as 
the two main North Itocks. The vessel, with broken masts, 
stands upright between the largest rock and a small one that 
exists to the right and is therefore concealed by the hull of the 
vessel. In a photographic view (fig, 1 1) taken several years ago 
by Mr. Hyle, of Bermuda, a man stands where the vessel 
stood and the two views are apparently from nearly the same 
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point. The two roclts in the sketch are represented as nearly 
equal in height, bnt now one is decidedly lower than the 
other. 

This ancient sketch, imperfect ae it natnrallj is, corresponds 
remarkably well with the outlines of the rocks, as seen m the 

fihotograph. This proves that these rocks have undergone but 
ittle ctiange in general form sinqe the early settlement of Ber- 
muda, for this seal was probably engraved as early as 1615-18. 




FiouRE 11. — North Bocks, From a photograph taken by Ur. J. R. Hflc. 
previous W 1884. 

The sketch was very likely made by Mr. Norwood for this par- 
pose, for he was a man of good ability as a draughtsman, and 
was making his first survey in 1617. The scene probably com- 
memorates the wreck of a French vessel on the 17th of Nov., 
1593, on hoard of which was one English seaman, Henry May, 
who published after his escape to England, in 1594, an account 
of his experiences and a fairly good but brief description of 
these islands, which, up to that time, were known in England 
only as dangers to be carefully avoided. Part of the crew of 
this vessel were saved (about 26 persons), and they subsequently 
brought ashoi'e their provisions, tools, and the fittings of the 
vessel "before she split," They remained on the islands five 
* Tliat this sketch doea not reprosent the wreck ot the "Sea Venture," with 
Sir George Soniers, Sir Tlioa. Gates and their parly. July 28, 1609, is evident, lor 
according to llie narrativee of Somera and others of his companiona, their vessel 
went aground on the Boutheaat side of the islanda, within about a quarter of a 
mile of the shore, and Ihey landed al a bay then named Gaterf Bt,j from SirThoi. 
Gstea. No other important wrecks occurred about that period, so tar aa known. 
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ths, while they built a small vessel (18 tons) of native cedar 
1, with which they sailed to the Banks of Newfoundland 

joined the fishing fleet and were thus taken back to 
>pe. 

ay, in his narrative, states that when they went ashore, in 
light, they supposed they were on the shore of the island, 
use of the '' hie cliffs," but in the morning they found that 

were seven leagues away from it. He also says that after 
ling a raft they towed this ashore " astern of their boat," 
that " we rowed all the dav until an hour or two before 
t yer we could come on land." 
istorians and others have been misled by this statement and 

even imagined that they must have been wrecked on some 
lore distant island which has since been worn away or sub- 
jed.* But it is evident that May meant that it was seven 
les as they had to row^ for they could not cross the reefs 
at point, in the surf, and must have rowed along outside 
e reef till they reached the present ship channel and there 
•ed the bay and landed, probably on St. George's Island. 

would have caused them to row about seven leagues and 
d doubtless have taken all day with the boat heavily laden 
towing a raft astern. He mentions that there were wild 

there at that time, showing that they must have been 
duced there at an earlier date, perhaps accidentally from 

wreck, but more probably intentionally by some of the 
aneers, as was customary in those days, 
comparison of several photographs taken at various times 
in the past thirty years, shows but little alteration in these 
h Kocks, but some very severe storm may suddenly over- 
V them. They are situated near the extreme edge of the 
• reefs, about eight miles from the islands. They stand on 
[tensive patch of flat reef, part of which is laid bare by 
ides. They are 15 or 16 feet high and are evidently the 
ins of an island of considerable height and extent that has 

nearly worn away to the sea-level by erosion. But the 
mce from the ancient seal indicates that the erosion even 
is exposed situation has not been rapid, though these rocks 

to have decreased somewhat in height. 

Correlation with geological changes on our coast, 

ofessor Rice thought it possible to compare the changes of 

at Bermuda with those of the American coast. Mr. 

jsiz considered it useless to try to do so, mainly, it appears, 

use of the volcanic nature of the substructure. Ilow- 

?e Lefroy, Memorials, vol. I, p. 9. Also, Jones, Recent Observations in the 
idas. 
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ever, there is no evidence of any volcanic activity in this region 
during several geological periods and therefore this considera- 
tion may have no importance.* In regard to the probable cor- 
relation, I differ materially from Professor Rice, for I consider 
that the period of greatest elevation was coincident with the 
great continental elevation of the Glacial Period, that affected 
the northern parts of America and Europe and doubtless, also, 
the intervening bed of the North Atlantic. As Bermuda is 
only about 700 miles south of Nova Scotia, where the eleva- 
tion was very great, it is natural that the same movement, in 
less degree, should have affected Bermuda. The same corre- 
spondence in the periods of Post-glacial subsidence and reeleva- 
tion would be expected to have occurred. So far as I could obtain 
data to indicate the duration of present and past conditions of 
erosion, they confirm this view. No doubt it would be possible 
for a resident geologist to obtain much more complete evidence 
as to the rate of erosion of the Bermuda cliffs than I could 
obtain by a very brief study of the subject, but my results 
may be of some value in the absence of something better. 

Changes m Climate, 

That the climate of Bermuda was warmer during the Glacial 
Period than at present is inferred because the great elevation 
of the northern parts of Europe and America, together with 
the whole bottom of the intervening North Atlantic, that 
occurred at that time and the southward extension of the shore 
ice of boreal regions, would have diminished the flow of the 
Gulf Stream into the Arctic regions and confined it more to 
the central parts of the North Atlantic. This is confirmed, 
also, by the existence of large West Indian shells, as fossils, in 
deposits that are probably of glacial age, on the coast of North 
Carolina, far north of their present range, and north of the 
latitude of Bermuda. So, also, a large living West Indian 
shell {Zivo7ia pica) is a common fossil in the Bermuda lime- 
stone, although it no longer lives north of the Bahamas, so 
far as known. Its shells were doubtless carried inland by the 
large land hermit-crabs {Cenohita diogenes).\ These crabs still 
continue to occupy the same shells, for the fossil shells weather 
out of the soft limestones all over the islands and are quickly 
selected hy the crabs for protection. (Fig. 12.) In the older 
limestone a large fossil land shell {Pcecilozonites Nelsont)^ 
peculiar to the islands and now extinct, is often abundant, 

* Earthquakes are rare in Bermuda. I have found but two mentioned: one 
June 25, 1664 ; one Feb. 19, 1801, neither of which did much damage. 

f In the Yale Museum there is a fossil crab of this species found in the Ber- 
muda limestone many years ago by J. Matthew Jones. 
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associated with other smaller land shells that are still living. I 
have taken theso land shells from such a rock, exposed only 
at low-water mark, in Bailey Bay. This large land shell was 
probably exterminated by the climatic changes due to the par- 
tial sabmergence of the land and consequent changes in the 
vegetation. 
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Art. XXXI. — Some Boiling Point Curves; by C. L. Speyers. 

In several preceding papers* the equation 

n _ p—p' 
N + w "^ p 

was used to get at the molecular weights of liquids in homo- 
geneous liquid mixtures and apparently with success, since the 
values so obtained were altogether reasonable. 

On the other hand, knowing the molecular aggregations of 
the constituents in a homogeneous mixture of two liquids, it is 
possible to plot the boiling point curve of such a mixture. 

For example, the boiling point curve under 760°'°' Hg of a 
mixture of carbon tetrachlorid and benzene is calculated in the 
following way. The molecular weights of these liquids are 
probably normal. Wherefore, since N+z^ = 100, the above 
equation becomes the equation to a straight line for each con- 
stituent and the vapor-pressure plot of the mixture is a straight 
line which has the vapor-pressures of the two pure constituents 
for its terminals. Fig. 1 shows the vapor-pressure plots of the 
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mixture at different temperatures. The abscissae give the 
molecular percentages of carbon tetrachlorid; the ordinates 
give the pressure m mm Hg. The data were taken from 
Winkelmann.f At 81° the vapor pressures of carbon tetra- 
chlorid and of benzene are both above 760°"° and at 76° their 
vapor pressures are both below 760"™, so that the boiling tem- 
perature of this mixture lies between 76° and 81°. Laying off 
the compositions given by the several lines at the points where 
they intersect the horizontal pressure line of 760""", the points 
shown by x in tig. 2, plot I, are obtained, giving the theoretical 

* Journ. Phys. Chem., ii, 347, 362, 1898 ; Journ. Am. Chem. Soc, xii, 282, 
725 1899 

fHandb. d. Phys., IP, 812, 814. 
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boiling point plot. The data recently obtained by Haywood* 
are shown by dots. 

The boiling point curve for a mixture of chloroform and 
carbon tetrachlorid has been plotted, plot II of tig. 2, under 
the assumption that these liquids have normal molecular 
weights in this mixture, an assumption which is allowable since 
each has a normal molecular weight in benzencf The experi- 
mental values are given by Thayer:}: and marked as before by 
dots, the theoretical values being denoted by x. The agreement 
is good except at the beginning, but Thayer's cnloroform 
boiled at a considerably higher temperature than that given by 
Winkelmann quoting Eegnault. 

The boiling point curve for a mixture of benzene and chloro- 
form has been plotted in fig. 3, the theoretical values and the 
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experimental values by Haywood:}: are marked as in fig. 2. 
The agreement is not good, but when a correction is made for 
the boiling point of cmoroform, the agreement becomes better. 
A more complicated boiling point curve is that of the mix- 
ture of benzene and ethyl alcohol. From Lehfeldt's data§ it 
seems probable that the molecular weights of both alcohol and 
of benzene are quite complex in this mixture. The tempera- 
ture of Lehfeldt's experiments was 50*^ C, so that to use the 
values obtained at this temperature at a so much higher tem- 
perature as the boiling temperature of the mixture means to 
mtroduce an error, but the error seems to be inappreciable. 
The curve is shown in fig. 4, the same marks being used to 
distinguish between theory and observation as beiore, the 

* Joura. Am. Chem. Soc, xxi, 994, 1899. 

t Journ. Phys. Chem., ii, 347, 1898 ; Journ. Am. Chem. Soc, xxi, 282, 1898. 

j Journ. Phys. Chem., iii, 317, 1899. 

§Phil. Mag., xlvi, 42, 1898. 
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'ved values being those of Thayer.* The agreement is 
bat can be improved. Referring to the figures of a pre- 
ig paperf, it may be noticed that in the toluene and alco- 
mixture, the molecular weight of each solute approaches 
normal value when the mixture is dilute with respect to 
solute, but that in the benzene and alcohol mixture, the 
cular weight of each solute keeps very high even when 
solution is dilute with respect to that solute. Moreover 
two observations on the vapor pressure of benzene point 
normal molecular weight for alcohol in dilute solution, but 
\ these observations are so far from the others, at the time 
mting the paper they could not be given any weight. 
so now. Thayer's data point very directly to these two 
rvations being much nearer the truth than the neighboring 
Wherefore it seems allowable to assume that the molec- 
aggregation of ethyl alcohol in benzene is about the same 
toluene and that the molecular aggregation of benzene in 
I alcohol is about the same as that of toluene in ethyl 
lol. Yalues calculated on this assumption are marked by 
fig. 4. 
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hen the two constituents of homogeneous liquid mixtures 
normal molecular weights for all concentrations, the boil- 
>oint curves will be straight lines when 

ejpi, 2?„ denote the vapor pressures of the two constituents 
J„ ^„ denote the corresponding temperatures. When 

dp^ dp^ 
dt^ ^ dt^ ' 

the boiling point curve is convex towards the axis of 
88SB provided />, > p„ but when p^ < />„ then the boiling 
; curve is concave towards this axis. 

no case should a mixture have a minimum boiling point 
I both constituents have normal molecular weights at all 

*Journ. Phys. Chem., ii, 382, 1898. 

t Speyers, Joum. Am. Chem. Soc, xxi, 282, 1898. 
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concentrations. Only when one or both coustitaents have 
abnormal molecular weights in a mixture, can the mixture 
have a minimum boiling point. But even then the mixture 
need not have a minimum boiling point. For when the vapor 
pressures of the two pure constituents are very different then, 
if the constituent with higher vapor pressure is the associated 
one, the vapor pressure of the other constituent may not be 
high enough at any concentration to prevail over the diminish- 
ing vapor pressure of the associated constituent. On the 
otner hand, when the constituent with lower vapor pressure is 
the associated one, then a minimum boiling point is to be 
expected even though the vapor pressures of the two pure con- 
stituents may be very different. Yet it is possible in this case 
also that the mixture should have no minimum boiling point. 

When the two constituents are both associated, then the 
mixture should have a minimum boiling point in general, but 
not always, for it is possible for the associating powers of the 
two constituents to be alike, in which case a change in 
concentration would make no difference in the numerical valne 
of n/{p~'p^) and equation 1 would still remain the equation to 
a straight line. 

Equation 1 thus accounts for the boiling point curves of 
every mixture for which the partial pressures of the con- 
stituents are known at some one temperature not very far 
from the boiling temperature of the mixture under considera- 
tion. 

Rutgers College, Feb. 3d, 1900. 
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Art. XXXII. — The Action of Ammonixcm Chloride upon 
Nai,rolite^ Scolecite^ JPrehmte and Pectolite ; by F. W. 
Clarke and George Steiger. 

In our last paper upon the ammonium chloride reaction,^ 
we showed that analcite and leucite, when heated to 350^ with 
this reagent in a sealed tube, both yielded the same compound, 
ammonium leucite, NH^AlSi,Og. We also showed that the 
reaction was not limited to these minerals, but that it was fairly 
general in character; and that with other species analogous 
results could be obtained. We now have data relative to four 
more minerals, and these exhibit a range of variation which 
well illustrates the availability of the method for investigations 
into the chemical constitution of silicates. Three of the 
species now studied have previously been regarded by one of 
us as analogous in structure, provided that all or part of their 
water can be interpreted as constitutional ; and the formul» 
assigned were as follows : 

Scolecite AL(SiOJ CaH. H O 

Natrolite Al,(SiO J.Na,H, 

Prehnite Al,(SiOJ.Ca„H. 



'a — 9 



Two of these formulce must now be abandoned, because of the 
experimental evidence which we have obtained. We may first 
study the three species individually. 

Natrolite. 

In our former paper we reported a crude, preliminary experi- 
ment made upon impure, yellowish natrolite from Aussig in 
Bohemia. After heating with ammonium chloride in a sealed 
tube and subsequent leaching with water, 17*56 per cent of 
soda was extracted, and in the residue 8*29 per cent of ammonia 
was found. Natrolite, therefore, was a suitable mineral for 
further investigation ; and our expectations regarding it have 
been fully confirmed. 

The material available for our new experiments came from 
the well known locality at Bergen Hill, Isew Jersey, and con- 
sisted of a mass of slender needles densely matted together. 
Part of the uniform, ground sample was analyzed, with frac- 
tional determinations of the water, and part was used for the 
sealed tube experiments, precisely as in the research upon anal- 
cite and leucite. Three of these experiments were made ; and 
in each case the natrolite was mixed by grinding in an agate 

• This Journal, February, 1900. 

Am. Jour. 8oi. — Fourth Sbries, Vol. IX, No. 53.— Mat, 1900. 
24 
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mortar with four times its weight of dry ammonium chloride, 
after which it was heated to 350° in the sealed tube. Even 
during the grinding a slight reaction took place, and a distinct 
smell of ammonia was given oflf by the mixture. With pecto- 
lite the same smell was perceived. The three experiments 
may be summarized as follows : 

A. Heated 11 hours. Upon leaching, 14*89 per cent of soda and 

1'20 of lime were extracted. In the residue 9*26 per cent of 
ammonia was found. 

B. Heated 9 hours. Leach not examined. 9*26 of ammonia in 

residue. The complete analysis of the residue is given 
farther on. 
G. Heated 3 hours. 14*09 per cent of soda and 0*20 of lime were 
extracted. The residue contained 8*87 per cent of ammonia. 
In this instance the heating was relatively brief, in order to 
learn whether its duration could be advantageously lessened. 
The reaction was evidently less complete than in experiments 
A and 6. 

In the subjoined table we give first the analysis of the natro- 
lite itself, and then that of the leached residue from experi- 
ment B. In the latter we found that 0*86 per cent of silica 
was soluble in sodium carbonate solution ; and that soda and 
lime remained corresponding to 4*61 per cent of the original 
mineral. Deducting these impurities, together with the 0*42 
per cent of hygroscopic water, and recalculating; to 100 per 
cent, we get the reduced composition of the residue. In the 
last column is given the calculated composition of an anhydrous 
ammonium-natrolite, (NH^),Al,Si,Ojo. This compound has 
evidently been formed to an extent represented by over 94 

Eer cent of the leached natrolite residue. The agreement 
etween theory and even the unreduced analysis is practically 
conclusive on this point. 

Natrolite Residue Residue (NH4)sAI|Si|0i» 
found. found. reduced. calculated. 

SiO 46*62 53*71 53*86 54*06 

A1,0, 26*04 29*94 30*52 80*43 

CaO 1*48 *34 

K,0 none 

NaO 15-67 *37 

NH, 9*26 9*85 10*14 

H,0 at 100° *39 -42 

H,0 above 100° -. 10*18 5*94 5*77 5*37 

100*38 99*98 100*00 100*00 

It may not be superfluous to note that the water given in the 
last two columns represents the difference between ammonia 
and the hypothetical ammonium oxide which has replaced soda. 



upon Natrolite^ Scolecite^ Prehnite and Pectolite. 347 

Two other experiments upon natrolite remain to be noticed. 
First, the fresh mineral was boiled for 15 minutes with a 25 per 
cent sodium carbonate solution ; 0*72 per cent of silica dissolved. 
Similar treatment of ignited natrolite took out 0*62 per cent. 
No silica is split oflE by ignition. Ammonium-natrolite before 
ignition yielded 0*85 per cent of soluble silica, and after igni- 
tion 0*86 per cent. Here again no silica had been split off 
from the molecule, and practically none was liberated by the 
action of the ammonium chloride upon the natrolite. A 
simple, direct substitution of ammonium for sodium had 
occurred. 

Scoleeite. 

On account of the well*recognized analogy between natrolite 
and scolecite, the latter mineral seemed to be peculiarly worthy 
of examination. The specimen at our diepoW was a mass of 
stout, radiating needles, which was collected by one of us at 
Whale Cove, on the island of Grand Manan, New Brunswick. 
Scolecite, we believe, has not hitherto been recorded from this 
locality ; and on this account alone the material deserved atten- 
tion. 

Three sealed tube experiments were carried out, essentially 
as in the case of natrolite, as follows : 

A. Heated 10 hours at 350^. 13*74 per cent of lime and 0*35 of 

soda were taken out. The residue contained 8*78 per cent of 
ammonia. 

B. Heated 10 hours at 370''. 12*97 of lime and 0*22 of soda were 

extracted. 8*48 per cent of ammonia in the residue. On 
account of the excessive temperature of this experiment, 
some reversion of the convertea material had taken place. 

C. Heated 6 hours at 340°-350*^. Leach not studied. 8*91 per 

cent of ammonia in residue. 

Analyses of the scolecite and of residues B and C are given 
below. The less perfect transformation in the case of B is 
evident. 

Scolecite. Residue B. Residue C. 

SiO, 45-86 53*39 53*69 

A1,0, 25*78 30*51 30*50 

CaO 13*92 *62 -42 

NaO *41 undet. *29 

NH, 8*48 8*91 

H,0 at 100° -40 -74 -12 

H,0 above 100° 13*65 6*28 6*52 

100*02 100-02 100*45 

The product of the reaction is plainly the same as that 
obtained from natrolite, and the identity in type of the two 
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species is perfectly clear. This fact is further emphasized by 
an experiment npon the solubility of silica. The fresh scole- 
cite gave up 0*36 per cent of silica to sodium carbonate solu- 
tion, and the ignited mineral yielded only 0*50 per cent. 
Again, natroHte and scolecite behave in the same way. -- » 

Upon both minerals fractional determinations of the water 
were made, and the amount lost at each temperature was noted. 
The results, expressed in percentages of the original minerals, 
were as follows : 







Water lost. 




Temperature. 


Natrolite. 




Scolecite. 


100°.... 


.. ^39 




•40 


180° 


.. ^40 




•52 


250° 


-. -37 




4^76 


350° 


.. 8-51 




•55 


Incipient redness. 


.. '12, 




7-72 


Full redness 


.. -12 




•04 


Over blast 


.- ^06 




•06 



10^57 14-06 

Scolecite contains one more molecule of water than natrolite, 
and that amount, one-third of its total, seems to go off at a 
lower temperature than the other two molecules. Otherwise 
the two series of experiments are probably not far apart, and 
they indicate that the water is in neither case constitutional. 
The same conclusion is suggested by the existence of the 
anhydrous ammonium compound, the three formulae being as 
follows : 

Scolecite CaAl,Si,0.,. 3H_0 

Natrolite Na AI,Si,0,,. 2H,0 

Ammonium natrolite (NHj,Al,Si,0,^. 

The parallelism is complete; and all three compounds are 
evidently salts of an acid HgSi,0,o, which is probably ortho- 
trisilicic acid, Si,0,(OH)g. The second anhydride of this acid, 
H^Si.Og, would be the ordinary trisilicic acid of orthoclase and 
albite ; a relation which is certainly suggestive. We do not, 
however, care to enter upon the question of chemical structure 
in this paper, and we therefore leave the subject for fuller con- 
sideration at some future time. It is clear, however, that 
orthosilicate formulse for natrolite and scolecite must be dis- 
carded. 

Prehiite. 

The prehnite taken for examination was an old specimen 
from Paterson, New Jersey. The analysis, with fractional 
water determinations, is given below. 
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' Analysis. Fractional water. 

SiO 42-31 At 100° -21 

Al.O, 19-96 At 180° -18 

Fe,0, 6-io At 250° -10 

FeO none At 350° -11 

CaO 26-63 Incipient red heat. . -28 

H.O 5-02 Full red heat 4-05 



100-11 



Over blast -09 



Total 5-02 



With sodium carbonate solution, 0*38 per cent of silica was 
extracted from the fresh mineral. From the ignited prehnite, 
1-22 per cent was taken out. Yery little silica, therefore, is 
liberated by ignition. 

Two determinations were made of the action of ammonium 
chloride, as follows : 

A. Heated 8 hours. On leaching with water, 1-31 per cent of 

lime and 0*17 of alumina dissolved. 

B. Heated 12 hours. 1*41 per cent of lime was extracted, and in 

the washed residue 0*22 per cent of ammonia was found. 

Prehnite, therefore, differs widely from natrolite and scole- 
cite in its behavior with ammonium chloride. Very little 
action takes place, even upon long heating to 350^ in a sealed 
tube, and practically no ammonia is absorbed. The water is 
more firmly held than was the case with the other two minerals, 
and is almost certainljr to bo regarded as constitutional. The 
orthosilicate formula for prehnite is unaffected by these results, 
and may stand as fairly probable. Prehnite cannot be corre- 
lated with natrolite and scolecite on any basis of similar chem- 
ical structure. 

Pectolite, 

In the first paper of this series* we described a number of 
experiments upon pectolite, in which we showed that it was 
almost undoubtedly a metasilicate ; but the action of ammo- 
nium chloride upon it was neglected, as having been studied 
already by Schneider and Clarke.f lu their experiments 
upon pectolite from Bergen Hill, which was nearly identical 
in composition with our sample, a triple heating in an open 
crucible with ammonium chloride removed 20*50 per cent of 
lime, 6*95 of soda, and 0*54 of manganous oxide ; or about 
two-thirds of the total amount of bases present. In our last 
paper we reported a preliminary experiment by the sealed tube 
method, and found that 20*72 per cent of lime and ^'^^ of 

* This Journal, October, 1899. 

t Bulletin No. 113, U. S. Geological Survey, p. 34. 
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soda were taken out, while 1*44 of ammoniu was retained bv 
the residue. Here again two-thirds, approximately, of the 
bases, had been converted into chlorides by the reaction. The 
open crucible and the sealed tube gave essentially the same 
results, although the retention of ammonia was not noticed by 
Schneider and Clarke. 

In order to obtain further light upon pectolite we continued 
our experiments with the sealed tube method, and have 
obtained very variable results. All of the heatings with 
ammonium chloride were conducted at 350°, and the pecto- 
lite used was from the same Bergen Hill specimen which 
served us for our previous work. Our data are as follows; 
including for convenience of comparison the preliminary 
experiment which was cited above. 

A. Heated 6 hours. On leaching, 20*72 per cent of lime, 6*46 

soda, and 0*11 alumina dissolved. The residue contained 
1*44 per cent of ammonia. 

B. Heated 6 hours. 20*10 per cent lime and 5*80 of soda extracted. 

1*45 per cent ammonia in the residue. The residue was also 
examined for silica soluble in 25 per cent sodium carbonate 
solution (on 15 minutes boiling), and 43*38 per cent was found. 

C. Heated 6 hours. Soluble portion neglected. The residue con- 

tained 2*23 per cent of ammonia and 61*79 per cent of sola- 
ble silica. The full analysis of this residue is given later. 

D. Heated 10 hours. A complex breaking up of the pectolite 

took place, and leaching with water extracted the following 
percentages : 

SiO- 5-43 

A1,0, -22 

CaO 28*20 

MnO -23 

Na,0 8-29 

The residue from this leaching contained 39*63 of soluble 
silica, but ammonia was not determined. 

These results are so irregular that definite conclnsions can 
hardly be drawn from them. A and B agree fairly with each 
other, and also with the earlier work of Schneider and Clarke. 
C contains more ammonia, but differs widely from B as to the 
amount of soluble silica in the residue. D, which represents 
along heating, indicates a more complete reaction. than was 
observed in either of the other cases. 

An ammonium compound, however, is evidently formed 
during the reaction, although its precise nature cannot be 
determined from the evidence now in hand. Something may 
be inferred from the following figures, which are to be sum- 
marized thus: First, we reproduce from our earlier paper 
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the analysis of the pectolite itself. Secondly, we give the 
analysis of the insoluble residue obtained in experiment C. 
The third column of figures is obtained by subtracting from 
the second column 61*79 of soluble silica and 1*18 of nygro- 
scopic water, and recalculating the remainder to 100 per cent. 
The fourth column contains the molecular ratios calculated 
from the third. 

Residue Residue 

Pectolite. found. reduced. Ratios. 

SiO 63-34 75-98 37*74 -629 

A],0, -33 -08 -19 -002 

CaO 33-23 9*56 25*43 -454 

MnO -45 -24 -63 '009 

Na^O 9-11 1*84 4-89 '079 

NH, 2-23 5*93 '349 

H,Oatl00° -27 1*18 

H,0 above 100° 2*70 9*47 25*19 1*399 

CO. 67 



• %■ 



100-10 100*58 100*00 

These ratios roughly suggest the formation of a salt approxi- 
mating in composition to the formula R',Ca,Si,0,.6H,0, in 
which E' is about two-thirds ammonium and one-third 
sodium. Pectolite itself has the formula NaHCa,Si,0, ; so 
that the existence of a hydrous ammonium pectolite is indi- 
cated ; a conclusion which is probable, but not proved. The 
reaction between pectolite and ammonium chloride is possibly 
simple at first, but followed by or entangled with secondary 
changes which obscure the results. Tne experiments are 
interesting, however, as showing how widely pectolite differs 
from the other minerals which we have studied, as regards the 
ammonium chloride reaction. The general investigation is to 
be continued, and we hope to take up next the more important 
lime-soda zeolites. 

Laboratory U. S. Geological Survey, 

Washington, March 1, 1900. 
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Art. XXXIII. — Siliceous Calcitea from the Bad Lands^ Wash- 
irigton County^ South Dakota: by S. L. Penfield and 
W. E. Ford. With Plate V. 

The siliceous calcites from Fontaineblean, sometimes called 
Fontainebleau limestone, are well known objects to tbe min- 
eralogist, and specimens are to be found in many cabinets. 
They consist of calcite enclosing from fifty to sixty per cent 
of sand, and were early described by Lassone* and Haiiy.t 
Specimens of almost the same character as those from Fon- 
tainebleau have recently been found in the Bad Lands of 
South Dakota, and have been sent to New Haven for exami- 
nation by L. W. Stilwell of Deadwood, South Dakota, and Mr. 
Geo. L. English of New York. Our attention has also been 
called to the occurrence by Prof. E. H. Barbour of Lincoln, 
Nebraska, and, as he has expressed his intention to visit the 
locality, he will doubtless be able to furnish interesting infor- 
mation concerning the mode of occurrence of the crystals. 
The specimens sent by Mr. English consist of a representative 
suite of handsome cabinet specimens for the Brush Collection, 
together with abundant material for study, and thanks are due 
to him for his generosity. A quantitative examination of a 
typical specimen was made, and indicated that the material 
consists of about forty per cent of calcite enclosing sixty per 
cent of quartz sand. In the region of the Bad Lands of 
Dakota, whence the crystals come, the White Eiver sandstone 
is a very abundant rock and consists of sand grains cemented 
together by calcareous material. Evidently the crystals in 
question represent a phase of sand cementation in which the 
crystalline form of the calcite is preserved. This kind of 
cementation might take place, for example, in a sand deposit 
wet with water carrying calcium carbonate in solution. The 
calcite crystallization may be conceived to so on, until crystals 
of a certain size have been produced, the calcite material grow- 
ing about and enclosing the sand grains, and then it seems 
necessary to consider that the crystallization ceased, owing to 
changed conditions, for otherwise an ordinary solid sandstone 
with calcareous cement would result. The partial wearing 
away of such a sand deposit in which crystallization had taken 
place would then expose the crystals. 

An interesting feature of the siliceous calcites from the new 
locality is the peculiar shape of the crystals. The crystals 
from Fontainebleau have the shape of the rhombohedron, 
/, 0251, —2, fig. 5, p. 263 of Dana's Mineralogy, which is a 

* Mem. d. I'acad. royal. Paris, 1776, p. 65. 
f Traits de Mineralogie, vol. i, p. 424, 1822. 
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otnmon and typical development for calcite. Those from the 
lad Lands, however, are steep hexagon^ pyramids, somewhat 
tarrel-shaped and with rounded ends. Fig. I, from a photo- 
^ph, represents a complete crystal, natural size, and gives a 
^d idea of the general shape of the specimen and the char- 
icter of the grain. As usaal with photographic representa- 
ions of crystals, however, the edges are not very well defined, 
md the pen and ink sketch, fig. % has been introduced to 
)ring out with greater dietlnctness the hexagonal character, 
n a rhombohedral species a hexagonal pyramid mast be a 
>jramid of the second order, and that the crystals from the 
Bad Lands are of this character may readily be told by exam- 




ning their ends before a stroQg light, wlien, on turning the 
u-ystals, it will be found that the flash or reflection from the 
homhohedral cleavage of the calcite is only caught when the 
ilternate edges of the pyramid are toward the light. With the 
lid of a lens no difficulty is experienced in observing the cal- 
lite, filling the interstices between the qnartz grains, and in 
letecting its cleavage. Pyramids of the second order are 
eldom ooeerved in calcite, even as small faces in complex com- 
)inations, while crystals showing the hexagonal pyramid alone, 
ir with bat slight modifications are exceedingly rare. Calcite 
rystals from Khisnes, Belgium, having the pyramid 7, S'S^IB'S, 
s the prevailing type and only slightly modified by other 
brms have been described by Cesaro,* and the crystals from the 
Jad Lands are undoubtedly rounded modifications of this same 

" Uem. de I'acad. roy. d. Belgique, iiiTiii, p. 1, 1886. 
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rare pyramidal form. Fig. 3 represents the pyramid 8'8*It5-3, 
without modification, and if the siliceous calcites were origin- 
ally of this shape it is evident that by corrosion and weather- 
ing the acute terminations would rapidly become rounded, 
while by a little wearing away of the norizontal middle edges 
a barrel-shaped form similar to fig. 2 would result. Fig. 4 
represents a combination of the pyramid 7, 8'8*I6*3, with the 
rhombohedron 7*, lOll and the base c, 0001, described and 
figured by Cesaro, and by only a very little corrosion and 
weathering of such a combination a rounded shape like fig. 2 
would result. 

The crystals from the Bad Lands occur at times singly, but 
more often grown together in groups, the latter at times of 
considerable size. The accompanying half-tone plate will give 
some idea of the size and character of the specimens. The 
crystals have evidently formed in a bank or deposit of strati- 
fied sand, for, as shown by the upper, left hand crystal and the 
central group in the plate, the original bedding of the deposit 
may be detected running through the crystals in directions 
which have no relation to their crystallographic symmetry. 
The central group resembles a somewhat weathered clay-stone 
concretion, or the sculpture forms resulting from the corrosion 
of some stratified sandstones ; it has, however, the crystalline 
character of the other specimens, although the shapes of the 
crystals have been nearly obliterated by excessive weathering. 
The sand in the specimens is, for the most part, of a nearly 
uniform grain, the grains averaging from about -J to J™" in 
diameter, and being well rounded. Occasionally there occur, 
imbedded along with the finer sand, large, rounded grains, true 
quartz pebbles, measuring as much as a centimeter in diameter. 
One specimen, the lower right hand one of the plate, is a verit- 
able pudding stone, yet in spite of the coarseness of grain the 
pyramidal forms are well developed. The crystals have a gray 
color almost exactly like that of the Fontainebleau specimens. 

Sheffield Laboratory of Mineralogy and Petrography, 
Yale University, New Haven, April, 1900. 
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Art. XXXIV. — Studies in the Oyperacem; by Theo. Holm. 
XII. Segregates of Carex filijolia Nutt. (With eight 
figures in the text.) 

While engaged in a study of the alpine flora of the Rocky 
Mountains in Colorado last summer, wo noticed a small Carex, 
which showed such a striking resemblance to Elyna spicata, 
that it required a careful analysis of the flower to decide 
whether it was this plant or, really, a Carex. It was unlike 
any other which we had seen heretofore in the mountains, but 
it occurred so abundantly on some bald mountain tops, that we 
never suspected it to be a " species nova." However, when we 
commenced to work up the material, it was soon learned that 
our plant was an old acquaintance, but that it had been placed 
under Carex filifolia Nutt. as a variety : miser (sic !) Bail. It 
never occurred to us that this plant could be in any way a 
form or variety of C. filifolia, and since the so-called variety 
" valida " of this same species from lower elevations was also 
in our collection, we felt induced to study them in order to 
find out how far they were related to each other. The result 
of our investigation is, that we can by no means look upon 
these plants as representing one species, nor being varieties, 
since they exhibit not a few distinct morphological characters, 
besides that, we have, also, found some important differences 
in their anatomical structure. . 

In later years anatomical studies have become very useful 
not only to the classification of plants in general, but also in 
view of the species themselves. And in a genus as large as 
Carex the morphological characters are often so indistinct and 
unimportant that it seems quite necessary to take the two 
togetner. The anatomical literature already possesses several 
works upon the structure of Carices, which may be seen from 
our references in previously published articles in this Journal. 
In the present case it is our intention to show how very 
important distinctions may be drawn from the structure of 
species which, viewed morphologically, were once considered as 
only one type with two varieties. 

As regards Carex filifolia Nutt. this species is by Professor 
L. H. Bailey* placed under the SphcBridiophorce of Drejer,f 

as a member of Tuckermann's " FilifoliWy'^X ^"^ °®^^ ^^ Carex 
scirpoidea Michx. However, it is readily seen by compar- 

* Bailey, L. H. : A preliminary synopsis of North American Carices (Proceed* 
Am. Acad. Arts and Sciences, 1886, p. 122). 

f Drejer, S. : Symbolae Caricologicaj. Kj5benhavn, 1844, p. 9. 

X Tuckermann, Kdw. : £numeratio methodica Caricum quarundam. 1843. 
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ing these two species, that the latter does not show any 
relationship to C, filifolia^ but that it may be more naturallv 
placed among the ^^ Montance'^^ of Fries,* and as one of the 
''\form€e hehetcUce^^ of that section, as already pointed out by 
Drejer (1. c). Carex filifolia is, on the contrary, one of the 
FUifolicB Tuckm., and constitutes together with our C. ely- 
TwiaeSj the only representatives of this group in North 
America. But it is, on the other hand, not so very certain 
whether the " FilifolicB " are really to be placed under the 
SphceridiophorcB^ at least not if we emphasize this section as it 
was originally proposed by Drejer. This author does not 
attribute such characters to the Sph<»ridiophor(B9& are included 
by Professor Bailey (1. c). 

Drejer does not speak of a " perigynium, firm or hard in 
texture, hairy or scabrous," but " perigynium membranaceum, 
pube hirsutie vel tomento vestitum," of which only the first 
character, the membranaceous perigynium (utriculns) is applic- 
able to C. filifolia. Moreover, Drejer describes the bracts as 
*' membranacese nervo dorsali excurrente herbaceo," which is 
not recognized by Professor Bailey, and which does not apply 
to C, filifolia either. The description of the ntriculus: 
" rostro apice subbilobo " by Drejer is by Professor Bailey 
translated as " bifid." In other words, the SphcBridiophorw of 
Drejer are not identical with the section of tlie same name by 
Professor Bailey. Therefore, Professor Bailey does not hesi- 
tate to place the broad-leaved, stoloniferous Carex sdrpoidea 
Michx. side by side with C, filifolia, to which it shows no 
resemblance whatever. 

The systematic position of Tuckermann's " FUifolim " yet 
remains to be settled, and these, no doubt, represent a group 
just as peculiar and isolated from the other Oarictf* as is the 
case witn the remarkable Carex Fraseri Andr. We must at 
present content ourselves in recognizing the FUifolim as a sec- 
tion rather than a subsection, and it may be of some service to 
farther studies, when we in the following pages present a brief 
discussion of a species, which seems to be very closely related 
to C. filifolia, while eliminating another, which was formerly 
considered as an ally of this species. These segregates of 
Carex filifolia Nutt are : 

Carex elynoides Holm (fig. 1). 
{C filifolia Nutt. var. miser Bail., not C, miser BuckL) 

Rhizome densely cespitose ; culm 5 to 8*™ high, stiff, terete, 
sulculate, glabrous; leaves for the most part longer than the 

* Fries, Elias: Summa vegetabilium Scaadinaviee. Upsala, 1846. Sectio I, 
p. 70. 



T. Molm — Studies in the CyperacetB. 357 




FloORB 1. — Carex, elynoidee,lT\ai\agKadL^oviBT\ag3fBciaien; natural si 

FlODRE 2. — Cam oreochatis, aaxaraX size. 

FloOBB A. — Scale o( the male flower of C. elyttoides, enlarged. 

FiOCRB 6. — Scale of the (emale flower or same, enlarged. 

Ptodbb C.— Scale of the male flower ot C. oreoefiaria, enlarged. 

FtODBB D. — Scale of the female flower of same, enlarged. 

^ouRB B. — Dtriciilos of same, enlarged. 

FtGDKE F. — nirJL'ulus of same, enlarged. 
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culm, stiflE, filiform, scabrous, their sheaths light-brown, persist- 
ing, not librillose ; spike one, androgynous, few-flowered, 1 to 
li*^" long ; scales of male flowers ovate-lanceolate (fig. A), red- 
dish-brown, the midrib pale, not excnrrent ; scales of female 
flowers (fig. B) broadly obovate, minutely pointed from the 
excnrrent midrib, reddish-brown with naiTOW membranaceons, 
hyaline margins ; female flowers three or four ; utriculns mem- 
branaceous (fig. E), obovoid, obtusely triangular in cross-sec- 
tion, with a distinct obliquely cut beak, cilia te above, at matur- 
ity longer than the scale ; nerves two, not distinct ; caryopsis 
obovate, sharply triangular in cross-section ; rhacheola none ; 
stigmas three. 

Habitat : Mountains near Pagosa Peak, southern Colorado, 
in extensive turf-like patches on bald tops, at 12,000 feet (C. F. 
Baker). Very abundant on dry rocks at 12,000 feet : Mt. 
Kelso and Mt. Elbert, middle Colorado (the author). 

Differs from CJllifolia Nutt., especially in its dark, reddish- 
brown scales, which are narrower, and by the utricle, which is 
relatively longer, attenuated at both ends and glabrous except- 
ing the ciliate apex. Boott's C. Lyoni is distinct from this by 
its creeping rhizome, broader leaves and linear-lanceolate, 
bidentate utricle. Carex affinia R. Br., which does not seem 
to be well understood, has been referred to C. JUifolia by 
Boott, but later on to (7. obtusata Liljebl. by the same author. 
Professor Bailey has, also, referred it to C. ohtusata.* 

Carex oreocharis Holm (fig. 2). 
{CJllifolia Nutt. var. vaZida Olney^ not C valida Nees.) 

Ehizome cespitose, culm from 10 to 20^ high, stiff, some- 
what robust, terete, sulculate, glabrous; leaves shorter than 
the culm, 5 to 10^ Jong, narrowly conduplicate, scabrous along 
the margins ; leaf-sheaths dark-brown, almost black, persisting, 
slightly fibrillose ; spike one, androgynous ; male portion many- 
flowered, clavate, 1 to IJ"" long, whitish and shining ; scales 
oblong-lanceolate (fig. C), the midrib not excnrrent; pistil- 
late flowers 3 to 7; scales (fig. D) ovate-acuminate sharply 
pointed, the lowest one leaf-like with a distinct awn from the 
excnrrent midrib; utriculus membranaceous, broadly elliptic 
(fig. F), obtusely triangular in cross-section, with a short beak, 
minutely pubescent, two-nerved, but the nerves not distinct; at 
maturity the utricle is longer than the scale, excepting the 
lower one ; caryopsis nearly globular, obtusely angled ; rhach- 
eola distinct as in C Jilifoha ; stigmas three. 

* Bailey, L. H. : Studies of the types of various species of the genus Canx. 
(Mem. Torr. Bot. Club, vol. i.) 
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Habitat : Near Denver, Colorado (E. L. Greene). Common 
on dry rocks in the Aspen-zone at Long's Peak, middle Colo- 
rado, at 8,600 feet (the author). 

Differs from 0. jilifolia by its broader leaves, and more 
robnst calm, bnt especially by the pointed scales and the pubes- 
cence of the utricle. 

These morphological characters may be supplemented by 
some others, derived from the internal structure of these 
species together with C, jilifolia ^\x\X.^ in order to draw the 
specific distinction still more completely. The anatomical 
structure is as follows : 

The root. 

Inside the epidermis, which shows the usual structure, is a 
hypoderm of a single stratum large, thin-walled cells in C. 
fihfolia^ or of thick-walled in C. oreocharis^ or finally of three 
to four thin-walled strata in C. elyiwides. The cortex is devel- 
oped as two very distinct zones, of which the outer consists of 
stereids, the inner one, on the contrary, of mostly thin-walled 
parenchyma, which shows the characteristic tangential collaps- 
ing, excepting the innermost stratum, which borders on endo- 
dermis. The thickness of these two layers seems to vary in 
these species, and we notice for instance in C. Jilifolia that the 
stereomatic portion consists of nine strata, while there are only 
four in the. two other species. Moreover, in C, filifoUa the 
outer cortex is interspersed with rays of thin-walled paren- 
chyma, which do not show any signs of collapsing. The inner 
cortex is thin-walled throughout in G, elynoiaes and G. Jilifolia^ 
but in C. oreocharis only the five or six inner strata are thin-^ 
walled, the outermost four or five being distinctly thickened, 
but not, however, to such an extent as the stereomatic part of 
the cortex. The endodermis is thick- walled in Garex jilifolia 
and G. elynoidee^ but not so in G. ,oreocharis. By examining 
the pericambium we find this as only one stratum in all three 
species, thin-walled in G, elynoides and G. jilifolia^ but thick- 
ened in G, oreocharis. This tissue, the pericambium, is in G, 
dynoides interrupted by all the proto-hadrome vessels, but not 
so in the two otner species ; in one root of G, jilifolia^ for 
instance, six proto-hadrome vessels out of twenty-one had not 
broken through the pericambium, while in some thinner roots 
only one of these vessels out of sixteen bordered on endodermis. 
The leptome and the proto-leptome is very well developed in 
these species and arranged in alternation with the proto- 
hadrome. Some large vessels surround the innermost part of 
the central-cylinder, which is occupied by conjunctive tissue, 
especially thick-walled in G. elynoides and C. iilifolia. In 
passing to examine 
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The stewy 

this is terete and hollow in all three species, sulculate in C. 
elynoides and C. filifolia^ smooth in C. (yreocharis ; a few 
curved prickle-like projections are observable in Cfilifolia^ 
but in the two other species the culm is glabrous. The cuticle 
is smooth and very distinct. Epidermis thick-walled, except- 
ing those cells which contain the silicious cones, and which are 
observable outside the stereome. The stomata are level with 
the surrounding epidermis, and are not protected by any 
papillee, nor are the subsidiary cells raised above the guard- 
cells themselves. In the sulculate stems the stomata are, 
furthermore, equally distributed outside the cortex, without 
being confined to the bottom of the furrows, or along the sides 
of them. The cortex consists of palisades, radiating towards 
the center of the stem and shows wide lacunes in C, elynoide% 
and C, oreocharis ; in C. jilifolia^ on the other hand, the pali- 
sade-tissue is very compact and persisting. The stereome is 
very thick-walled in C, oreocharia^ but not so in the other 
species ; it occurs as hypodermal groups accompanying the large 
mestome-bundles, besides that it also covers the hadrome-side 
of these, bordering on the pith ; the smaller mestome-bundles 
have but very little stereome on either face, separated from 
epidermis by the palisade-tissue. All the mestome-bundles lie 
in one peripheral band, larger alternating with smaller ones ; 
they are surrounded by a green, thin-walled parenchyma- 
sheath, inside of which we find the usual mestome-sheath, 
which is heavily thickened in C, oreocharis^ less so in the 
other species. Some few strata of thick-walled mestome- 
parenchyma were observed between the leptome and hadrome 
at least in the larger bundles of all these species. The pith 
consists of a very thin-walled parenchyma which breaks down, 
leaving a wide cavity in the center of the stem. In comparing 
this stem-structure with that of the other Cyperaceod in gen- 
eral, our species seem well characterized by possessing a terete 
and hollow stem, instead of a triangular and solid one as in the 
majority of the other species, at least in Carex. 

The leaf 

offers excellent characters by which these species may be 
readily distinguished from each other, and we find in C, ely- 
noides exactly the same leaf structure as we have observed in 
Elyna spicata. The broadest leaf is possessed by C. oreocharU 
from an elevation of 8,600 feet, and the narrowest by C. ely- 
Qwides from the high alpine slopes. The width of the leaf of 
C. Jilifolia from the foothills is intermediate between these 
two species. The leaf is not flat in any of these species, but 
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cylindric with a mediane groove in C\ dynoidesy and condupli- 
<5ate in the others. There are no furrows on the dorsal face of 
the blade and no papillse from epidermis protect the stomata ; 
short, but pointea prickle-like projections from epidermis 
occnr along the keel and the leaf-margins, but they are rela« 
tively few in number. The cuticle is very distinct, but not 
very thick, and it is perfectly smooth. Epidermis is thick- 
walled with the exception of the cone-cells, and viewed 
superficially we notice quite a considerable difference in the 
respective length of the cells outside the stereome and the 
palisade-tissue. In Carex elynoide% and C. oreocharis the cells 
of epidermis outside the stereome are almost quadrangular 
with nearly straight radial walls, while they are rectangular 
with undulate walls in those strata which cover the mesophyll. 
Similar structure of epidermis is, as we remember, especially 
characteristic of the OramineoBj in which, however, the short 
aelh show often a stronger silicilication than the others, besides 
they are frequently more or less fusiform in outline. In C, 
fiV^olia epidermis shows no such modification. Stomata are 
present on the lower surface outside the mesophyll and near 
the margins on the upper; they show the same structure as 
described above for the stem. The upper face of the blade 
shows an epidermis of larger cells, and one row of true bulli- 
form cells were observed in (7. oreocharis^ just above the mid- 
rib ; in the two other species the epidermis-cells are uniformly 
developed, none being bulliform, but we find in these two 
species a secondary epidermis of small cells, which is especially 
distinct above the midrib. 

The mesophyll is developed in a very different manner in 
these species. In C. oreocharis it shows a distinct palisade- 
tissue, the cells of which are vertical on the blade ; lacunes are 
to be found between the mestome bundles, but they are not 
very wide and do not extend to epidermis. In C, filifolia the 
palisade-tissue is compact and borders on a large colorless tissue, 
which occupies the upper part of the leaf, and which is broken 
down into two large lacunes, separated from each other by a 
narrow layer of green mesophyll above the midrib. In the 
leaf of C, elynoides we find a relatively narrow palisade-tissue 
on the lower face of which several cells radiate towards the 
eenter of the mestome-bundles ; the greater part of the upper 
face is occupied by an enormous mass of colorless tissue, which 
is partly broken down into a continuous, wide lacune. The 
stereome is more thick-walled in C.JilifoUa than in the other 
two species. It occurs as hypodermal groups on both faces of 
the blade, accompanying the larger mestome-bundles in C. 
oreocharis^ while the smaller bundles are only supported by a 

Am. Jour. Sci. — Fourth Series, Vol. IX, No. 53.— May, 1900. 
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few 8tereome-cellH on the leptome- and badrome-side separated 
from epidermis by tbe pah'sade-tissae. In (7. dynoiaes and 
C.filifolia the stereome on the hadrome-eide is separated from 
the upper epidermis by the colorless tissue, even in the largest 
mestome-bundles. Common to all three species are two mar- 

S'nal, hypodermal groups of stereome on the upper surface of 
e leaf. The mestome-bundles occur as large and small ones^ 
in regular alternation with each other. There is a thin-walled^ 
green parenchyma-sheath and a mestome-sheath with thickened 
mner cell- wall in all three species ; in C, filifolia and C. oreo- 
charis there is, moreover, some few strata of thick- walled 
mestome-parenchyma between the leptome and hadrome, bot 
not in C. elynoides. Tannin-reservoirs were not observed. 

Utriculua. 

The structure shows a thick- walled dorsal epidermis and 
from one to six strata of colorless parenchyma between this 
and the ventral epidermis ; in C. filifolia the dorsal epidermis 
has developed a number of small, rounded, wart-like protuber- 
ances, besides many erect, sharply-pointed prickles, which 
abound near the apex of utriculus. Similar prickle-like pro- 
jections are, also, observable in C. oreocharis^ but they are not 
so numerous, and no wart-like protuberances were observed. 
In C, elynoides the utricle is almost wholly glabrous. Two 
mestome-bundles are developed in utriculus and they are sup- 

Eorted by stereome, which, furthermore, occurs as isolated^ 
ypodermal groups, about fifteen in each species. 

The rhacheola 

is very distinct in C. filifolia and C. oreocharis, and shows a 
very thick-walled epidermis, a compact cortex and three 
mestome-bundles near the center, each partly surrounded by 
groups of stereome. The rhacheola bears many pointed 
prickles near the apex, but in no case did we find any develop- 
ment of rudimentary leaves or flowers, which is, otherwise, 
not uncommon in Carex, though exceedingly rare in the mono- 
stachyous species. 

In summarizing the structural characters which we have 
noticed in these three species of Carex^ it seems as if these are 
very distinct anatomically, notwithstanding the fact that they 
are all inhabitants of a dry soil, though at different elevation. 
Among the most prominent characteristics may be recalled the 
constant interruption of the pericarabium by the proto-hadrome 
in C, elynoides^ while in the other species some of these vessels 
are separated from the endodermis ; the large colorless, lacn- 
nous tissue in the leaves of C. filifolia and C. elynoides in con- 
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trast to G. oreocharia^ where the lacunes are much narrower 
and located in the palisade-tissue itself ; furthermore the well 
developed buUiform-cells in the latter species, while these are 
totally absent in the others. 

There appears, thus, to be several both morphological and 
anatomical characters by which these three species may readily 
be distinguished from each other, and which, moreover, seem 
to jnstifv the separation of these plants as independent species. 
It would hardly oe natural to consider, for instance, C, dynoides 
as a merely alpine variety of C. jUiJ^olia^ since the latter is 
often an innabitant itself of the alpme regions without chang- 
ing its usual habit to any considerable extent, at least not 
acquiring any of the peculiarities possessed by the former. As 
regards C, oreocharie^ this cannot represent a variety either, 
inasmuch as it shows relationship to the " Montana^ " and may 
toother with C. scirpoidea Michx. he counted among the 
" formae hebetat® " of this subsection. 

Brookland, D. C, January, 1900. 
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Art. XXXV. — Mineralogical Notes; by Austin F. Rogers.* 

1, Gypsum, — The gypsum crystals described in this paper 
were obtained by the writer at Lebo, Coffey Co., Kansas. 
They occur as isolated crystals and groups in Coal Measure 
shales at a "strip-pit" coal mine located at the edge of town. 

Both simple and twinned crystals were found, but the latter 
are of especial interest because they appear to possess hemi- 
morphic-orthorhombic symmetry rather than monoclinic. In 
this respect they resemble gypsum crystals described by 
Pirssonf from Girgenti in Sicily. Fig. 1, an orthographic 






projection of one of the twins with the clinopinacoid (010) as 
the plane of projection bears a striking resemblance to Pirsson's 
figure, though some of the forms are different. The twinning 
plane and composition face is the ordinary one for gypsum, 
a (100) i-L The following forms were observed : 

m (110)7; ^> (010)1-^; /(lll)-l; x(^03)f.I; w(l33)l-3 

The form x(203) is given by Goldschmidt in his "Index der 
Krystallformen der Mineralien " in the list of uncertain forms. 
As the faces are rather dull a contact goniometer was used for 
the identification of the forms. The results are as follows: 



Limits. 



>»*o 



Average. Calculated. 
26° 28' 27^00' 



X/\x(^03/si503) 10 measurements 26°-27 

w/vw(l33/vl33) 10 measurements 43° 20 -45° 30' 44° 25' 44° 48' 

Some of the simple crystals are very flat by extension of 
^(111) — 1. Fig. 2 represents a cruciform penetration -twin 
with the orthopinacoid (100) as twinning plane. Fig. 3 may 
be considered as the same with one part of the reversed crys- 

* Published by permission of the Director of the University G^logical Surrej 
of KauFas. 

t L. V. Pirsson, this Journal, vol. xlii, pp. 407, 408, 1891. 
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tal wanting. Figs. 2 and 3 are orthographic projections with 
the pinacoid (010) as the plane of projection. 

S. Calcite. — In homogeneous crystal a^gre^ates composed of 
individuals in parallel position the individaals are usually sim- 
ilar in habit. Those in which the individuals are different in 
habit seem to be of rather rare occurrence. Our general 
mineralogical literature contains descriptions and figures of but 
few such. An aggregate of this kind composed of calcite crys- 
tals is represented in fig. 4, which is an orthographic projec- 
tion with the basal pinacoid (0001) as the plane of projection. 
These specimens were collected by the writer (wliere they 
occur in cavities in limestone) at Argentine, Kansas. The 
crystal host, as it may be called, is light brown in color and ex- 
hibits the following forms, r (lOll)R ; /(0S2l)-2. Truncating 
the polar edges oi r are pseudo-rhombohedral faces of the 
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negative rhombohedron — i, formed by oscillatory combination 
of the latter form with the positive unit rhombohedron. 
On each of the r faces is placed a flat colorless calcite crystal 
with the forms, /-(lOll); ^(01l2)and an undetermined scaleno- 
hedron. The unit rhombohedron is the predominant form, 
while the negative rhombohedron and the scalenohedron which 
are not shown in the drawing, appear as very narrow faces the 
latter bevelling the basal edges of r. The superimposed crys- 
tals are distinct crystals and may easily be removed from their 
host without damage to either. 

Another parallel aggregate composed of calcite crystals of 
different habit was found in limestone at Kansas City, Mo. 
On the top of the scalenohedron v (2l3l) with its shorter polar 
edges truncated by ^(0221) is placed a unit rhombohedron of 
the same mineral, their apices coinciding. The scalenohedron 
is covered with a thin brownish film while the rhombohedron 
is colorless and perfectly transparent. 

3. Calcite, — Occurring in chalk in the western part of 
Kansas along the Smoky Hill river in Logan, Gove and Trego 
Counties, are veins of calcite in which are cavities lined with 
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crystals of the same mineral. Several such specimens in the 
University of Kansas Mnseam, the exact locality of which is 
unknown, furnish the following notes. The crystals examined 
are of three different habits: (1) the form ^(0112)-^, large 
crystals with faces striated parallel to shorter diagonal of the 
faces ; (2) the form y*(022l)-2, small to medium sized crystals; 
(3) the third deserves more detailed notice. These crystals 
average about 5°° in diameter and present the following 
uncommon forms: Z(0223)-| and x(^'^^^)*^j represented in 
fig. 5. The faces are dull and a little rough so that no 
measurements were possible with the reflecting goniometer. 
Measurements with the contact goniometer were as follows : 

Limits. Average. Calculated. 
ZyvZ(0223/v0223) 6 measurements Se'-SV** 30' 66° 36' 56°50' 
Z/^x (0253/v07?2) 6 " 40*^30-42° 41° 08' 40° 31' 

The X f^ces are triangular in shape and in consequence the 
embedded crystals with the Z faces partially concealed have 
somewhat the appearance of regular octahedra. 

Mineralogical Laboratory, Universitj of Kansas. 
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Abt. XXXYI.—TA0 Mmdm Cresk, Idaho, Meteoric Iron; by 
W. E. HiDDBN. 

The mass of coarsely crystallized meteoric iron here 
described, was first brought to my Dotice by Mr. J. M. Parfet 
of Salmon City, Idaho. In a letter dated Oct. 3, 1895, he 
described its discovery ae follows : " The piece of BDpposed 
meteoric iron, when first fonnd, was just twice the size of the 
part I send yon. It was kidney-ehaped and in that condition 
wonld have been much more valnable (interesting), but the 
pnwpector, who fonnd it at the bottom of a twelve-foot shaft, 
on Hayden Creek, Lemhi County, Idaho, just above the XT. S. 

SectioD oC Hajden Creek Meteorite, actual aize. 

Agency gronnd, while prospecting for placer gold, wondered 
what he had found and went to work on it witli a four-jponnd 
hammer. This he kept np at odd times for weeks while in 
camp, and the first time he came down to the agency shop, he 
laid it npon the lap of the anvil and with a fourteen-pound 
hammer sncceeded in bending it one way, then tnrned it over 
and bent it the other; this he kept np nntil he broke it in two. 
Finding it was not a nugget of gold, he had no farther nse for 

it and I got it from him for a trifle At the time it was 

broken tne metal showed at the point of fractnre to be almost 
silver-white and was quite pretty, but time has oxidized it con- 
siderably and it has lost its luster." (Signed) J, M. Parfet. 
The above account sets forth the history of the smaller half 
■ of this meteorite. Since I recognized it at sight as true 
meteoric iron, and realized that half of it was missing or was 
probably in unappreciative hands, I at once began an inquiry 
tor the missing part. Suffice it to say that it was, after many 
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months, traced to the Mineral Cabinet of Mr. Don McGuire 
of Salt Lake City, Utah ; and was after much correspondence, 
secured by the writer. It is now intact and has not as yet been 
analyzed or very critically studied. Its weight is about nioe 
and one-half ounces (av.) and it gives evidence of being rich 
in ferrous chloride (lawrencite). 

The length of the mass, with the two pieces placed 
together as closely as possible, is 78"°. Its greatest width is 
33°°* and its greatest thickness 20°°. It weighs 270 grams as 
a whole. The piece of which an engraving is herewith given, 
natural size, measures 20x51x55°° and weighs 160 grams. 

No other member of this " fall " has as yet been found, 
though the miners working in the neighborhood of its discovery 
have for several years been on the lookout for them in all the 
gravel workings. 

Newark, N. J., March 30, 1900. 
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Art. XXXVII. — Explorations of the ^^ Albatross ^^ in the 

Pacific; by Alexander Agassiz. 

IV. 

[LeUer No. 4y on the Cruise of the Albatross, dated Yokohama, Japan, March 5, 
1900, to Hon. George M. Bowers, U. S. Commissioner of Fish and Fisheries, 
Wasliington, D. C, bj Alexander Agfassiz.] 

After coaling and refitting we left Suva on the 19th of 
December, and arrived at Funafuti on the 23d, stopping on the 
way at Nnrakita, the southernmost of the Ellice Islands. I was, 
of course, greatly interested in my visit of Funafuti, where a 
boring had been made under the direction of a committee of 
the Royal Society, in charge of Professor David, of Sydney, 
after the first attempt under Professor Sollas had failed. The 
second boring reached a depth of more than 1100 feet. This 
is not the place to discuss the bearing of the work done at 
Funafuti, as beyond the fact of the depth reached we have as 
yet no final statement by the committee of the interpretation 
put upon the detailed examination of the core obtained, and 
now in the hands of Professor Judd and his assistants. In 
addition to the above-named islands, we also examined Nuku- 
fetau, another of the Ellice Group. 

After leaving Nukufetau we encountered nothing but bad 
weather, which put a stop to all our work until we arrived 
under the lee of Arorai, the southernmost of the Gilbert 
Islands. On our way from Tapateuea we steamed to Apa- 
mama and Maiana, which we examined, as well as Tarawa. 
We next examined Maraki, an atoll which is nearly closed with 
high beaches, having only two small boat passages leading 
through the narrow outer land-rims. Both Maraki and Tari- 
tari, the last island of the Gilberts which we examined, are 
remarkable for the development of an inner row of islands 
and sand-bars in certain parts of the lagoon parallel to the 
outer land-rim, a feature which also exists in many of the 
Marshall Islands atolls. 

We reached Jaluit the 9th of January, and after a few days 
spent in coaling, we spent about three weeks in exploring the 
Marshall Islands, taking in turn the atolls of the Ralick Chain 
to the north of Jaluit: Ailinglab Lab, Namu, Kwajalong, and 
Rongelab ; and then the atolls of the Katack Chain, Likieb, 
Wotje, and Arhno. The atolls of the Marshall Group are 
noted for their great size and the comparatively small area of 
the outer landrims, the land rims of some of the atolls being 
reduced to a few insignificant islands and islets. In none of 
the atolls of the Ellice, Gilbert or Marshall Islands were we 
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able to observe the character of the underlying base which 
forms the foundations of the land areas of these gronps. In 
this respect these groups are in striking contrast to the Faa- 
motus, tne Society Islands, the Cook Group, Nine, the Tongas, 
and the Fiji Islands, where the character of the underlying 
foundations of the land-rims is readily ascertained. But, on 
the other hand, these groups ^ive us the means of studying 
the mode of formation of the land-rims in a most satisfactory 
manner, and nowhere have we been able to study as clearly the 
results of the varioas agencies at work in shaping the endless 
variations produced in the islands and islets of the different 
atolls by the incessant handling and rehandling of the material 
in place, or of the fresh material added from the disintegration 
of the sea or lagoon faces of the outer land, or of the corals on 
the outer and inner slopes. It has been Yerj interesting to 
trace the ever-varying conditions which have resulted in pro- 
ducing so many variations in the appearance and structure of 
the islands and islets of the land-rims of the different groups. 

The boring at Funafuti will show us the character and age 
of the rocks underlying the mass of recent material of which 
the land-rim, not only of that atoll, but probablv also that of 
the other atolls of the group and of neighbonng groups, is 
composed, though of coarse we can only judge by analogy of 
the probability of the character of the underlying base from 
that of the nearest islands of which it has been ascertained. 
When we come to a group like the Marshal Is we have as onr 
guide only the character of the base rock of the islands of the 
Carolines, which is volcanic, while Naru and Ocean Islands, to 
the west of the Gilberts and to the southwest of the Marshalls, 
indicate a base of ancient Tertiary limestone. 

Owing to the continued stormy weather and the probability 
of not being able to land at these islands while the unfavorable 
conditions lasted, we did not attempt to visit them. 

After leaving Suva we made a number of soundings from 
south of Nurakita toward the Marshall Group, which, in addi- 
tion to those of the ' Penguin,' clearly show that the Ellice 
Islands are isolated peaks rising from considerable depths 
(from 1500 to over 2000 fathoms) and that the same is the 
case with the Gilbert Islands. We made about thirty sound- 
ings between the atolls of the Marshalls, which appear to show 
that they also rise as independent peaks or ridges, with steep 
slopes, from 2000 to 2500 fathoms, and that the so-called 
parallel chains of atolls of the Marshalls, the Ralick and 
Katack, are really only the summits of isolated peaks rising 
but a few feet above the sea-level. The Marshall Islands, as 
well as the Ellice and Gilbert, seem to be somewhat higher 
than the Paumotus, but this difference is only apparent and is 
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lae to the difference in tlie height of the tides, which is very 
mall in the Paamotos, while in these groups it may be five 
Old even six feet 

From Jaluit we visited among the Carolines, the islands and 
ttolls of Knsaie, Pingelap, Ponapi, Andema, Losap, Kamu, 
;he Koyalist Group, Truk and Namonuito, obtaining thus an 
excellent idea of the character of the high volcanic islands of 
;he group from our examinations of Kusaie and of Ponapi, 
^hile the others represent the conditions of the low atoIis, 
laving probably a volcanic basis, but this was not observed at 
iny of tnose we examined. 

The reefs of the volcanic islands of the Carolines are similar 
in character to those of the Society Islands, though there are 
K>me features, such as the great width of the platforms of sub- 
narine erosion of Ponapi and of Kusaie, and the development 
>f a border of mangrove islands at the base of the volcanic 
islands, which are not found in the Society Islands. 

The Truk Archipelago was perhaps the most interesting of 
:he island groups of the Carolines, and it is the only group of 
7'olcanic islands surrounded by an encircling reef which I have 
thus far seen in the Pacific which at first glance lends any 
jnpport to the theory of the formation of such island-groups 
18 Truk by subsidence. This group was not visited by either 
Darwin or Dana ; and I can well imagine that an investigator 
seeing this group among the first coral reefs would readily 
describe the islands as the summits, nearly denuded, of a 
^reat island which had gradually sunk. But a closer examina- 
tion will readily show, I think, that this group is not an excep- 
tion to the general rule thus far obtaining m all the island groups 
3f the Pacific I have visited during this trip ; that we must 
look to submarine erosion and to a multitude of local mechani- 
3al causes for our explanation of the formation of atolls and of 
barrier and encircling reefs, and that, on the contrary, subsi- 
dence has played no part in bringing about existing conditions 
of the atolls of the South and Central Pacific. 

Nowhere have we seen better exemplified than at Truk how 
important a part is played by the existence of a submarine 
platform in the growth of coral reefs. The encircling reef 
protects the many islands of the group against a too rapid 
erosion, so that they are edged by narrow fringing reefs, and 
Qowhere do we find the wide platforms so essential to the for- 
mation of barrier reefs. The. effect of the northeast trades 
blowing so constantly in one direction for the greater part of 
the year is of course very great : the disintegration and erosion 
3f islands within its influence is incessant, and their action 
undoubtedly one of the essential factors in shaping the atolls 
>f the different groups, not only according to the local posi- 
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tions of the individual islands, but also according to the geo- 
graphical position of the groups. Thus far I do not think any 
observer has given snflBcient weight to the importance of the 
action of the trades in modifying the islands within the litnite 
of the trades, nor has anyone noticed that the coral reefs are all 
situated practically within the limits of the trades both north 
and south of the equator. 

The soundings made going west from Jaluit to Kamonaito 
indicate that there is no great plateau from which the Caro- 
lines rise, but that the various groups are, as is the case with 
the neighboring groups of the Marshalls and Gilberts, isolated 
peaks with steep slopes rising from a depth of over 2000 
fathoms. The line we ran from the northern end of Namon- 
uito to Guam developed the eastern extension of a deep trough 
running south of the Ladrones. The existence of this trough 
had been indicated by a sounding of 4475 fathoms to the south- 
west of Guam made by the Challenger. We obtained, about 
100 miles southeast of Guam, a depth of 4813 fathoms, a 
depth surpassed only, if I am not in error, by three soundiogs 
made by the Penguin in the deep trough extending from 
Tonga to the Kermadecs. 

I was very much surprised, in approaching Guam from the 
eastward, to find that the island was not wholly volcanic, but 
that the northern half consists of elevated coralliferous lime- 
stone. The vertical cliflEs bordering the eastern face rise from 
a height of 100 to 250 or 300 feet at the northern extremity, 
and resemble in a way similar islands in the Paamotns 
(Makatea), Nine, Eua, Vavau and others in the Fijis which 
had made their cliffs a familiar feature in our explorations. 
In fact, outside of Viti Levu and Vanua Levu, this is the 
largest island known to me where we find a combination of 
volcanic rocks and of elevated coralliferous limestone. The 
massif forming the southern half of the island is volcanic, and 
the highest ridge, rising to about 1000 feet, runs parallel to the 
west coast, the longest slope being toward the east. 

This volcanic mass has burst through the limestone near 
Agafia, and the outer western extension of the coralliferous 
limestone exists only in the shape of a few spurs running out 
from the volcanic mass, the largest of which are those forming 
the port of San Luis d'Apra. These spurs are separated by 
lower ridges of volcanic rocks extending to the sea from the 
main central mass. To the north of Agafia the limestone 
forms an immense irregular mesa, cut by deep crevasses, full 
of pot-holes and sinks, rising gradually westward to a height of 
350 or 400 feet. Near the northern extremity of the island a 
volcanic mass, Mt. Santa Kosa, has burst through the limestone 
and rises about 150 feet above the general level of that part of 
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[le island. The shore stratification of the blafEs is much dis- 
>rted in the vicinity of that volcanic outburst. 

We left Guam in time to reach Rota by day, and found that 
bis island is a mass of elevated coralliferous limestone, the 
ighest cliffs of which reach a height of 800 feet. Perhaps in 
one of the elevated islands have we been able to observe the 
srraces of submarine elevation as well as at Rota, especially in 
be small knob at the southwest point of the peninsula separat- 
ig Sosanlagh and Sosanjaya bays, which itself is also terraced ; 
o less than seven distinct terraces could be traced. There 
ras no sign of any volcanic outburst except at the northwest 
loint of the island, where both the character of the slope and 
f the vegetation would seem to indicate a volcanic structure. 

It is quite probable that others of the Ladrones, like Saipan, 
nd the islands to the south, are composed in part at least of 
levated limestone, judging from the hydrographic charts and 
he sketches which accompany them. On many of the north- 
rn Ladrones there are active volcanoes, so that it is very 
possible that the volcanic outbursts which have pushed through 
he limestones, or have elevated parts of the islands of the 
;roup, are of comparatively recent date. 

During the last part of our cruise, from Suva to Guam, the 
infavorable weather greatly interfered with our deep-sea and 
»elagic work ; in fact with the exception of the soundings 
nade to develop as far as practicable the depths in the regions 
•f the various coral-reef groups we visited, we abandoned all 
dea of carrying out the deep-sea and pelagic work planned for 
he district between the Gilbert and Marshall and Caroline 
groups. To our great disappointment hardly any marine work 
ould be accomplished, and our investigations were limited 
Imost entirely to the study of the coral reefs of the regions 
>a86ed through. 

After Mr. Townsend's departure. Dr. Moore continued to 
ollect the birds of the islands where we anchored, and they 
lave brought together a fairly typical collection of the avifauna 
►f the South Sea Islands. i)r. Pryor collected the character- 
stic plants, and Dr. Mayer the insects and reptiles in addition 
o such pelagic work as could be done in port. Both Dr. 
^oodworth and Dr. Mayer took a large number of photo- 
;raphs, and we must have at least 900 views illustrating the 
oral reefs of the Pacific. Dr. Woodworth also collected 
ncidentally such ethnological material as could readily be 
•btained during our short stay at different places. 

We were everywhere received with the greatest cordiality 
nd courtesy : by the Governor of the Paumotus, the King of 
Tonga, Sir George O'Brien (the High Commissioner of the 
Western Pacific at Suva), Mr. E. Brandeis (the Landes-Haupt- 
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maun in charge of the Marshall Islands at Jalnit), and the 
Governor of the Carolines, and the Japanese authorities. The 
State Department at Washington having kindly asked through 
the French, English, German and Japanese Embassies at 
Washington for the kind offices of the representatives of these 
nations in Oceania to the Albatross while in their respective 
precincts, thanks to these credentials nothing could exceed 
the interest shown everywhere in the success of our expedition. 
I must also thank Capt. Moser and the officers of the 
Albatross for the untiring interest shown by them during the 
whole time of our expedition in the work of the ship, which 
was so foreign to the usual duties of a naval officer. 
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SCIENTIFIC INTELLIGENCE. 
I. Chemistry and Physics. 

1. On the Viscosity of Argon as affected by Temperature. — 
!x>rd Bayleigh has carried on a series of experiments on the 
ibove subject, special interest being connected with it since 
irgon as regards specific heat behaves as if monatomic. The 
kuthor says : 

^* When we remember that the principal gases, such as oxygen, 
lydrogen, and nitrogen, are regarded as diatomic, we may be 
nclined to attribute the want of simplicity in the law connecting 
riscosity and temperature to the complication introduced by the 
B^ant of symmetry in the molecules and consequent diversities of 
presentation in an encounter. It was with this idea that I thought 
it would be interesting to examine the influence of temperature 
ipon the viscosity of argon, which in the matter of specific heat 
behaves as if composed of single atoms. From the lact that no 
appreciable part of the total energy is rotatory, we may infer 
Lhat the forces called into play during an encounter are of a 
symmetrical character. It seemed, therefore, more likely that a 
simple relation between viscosity and temperature would obtain 
in the case of argon than in the case of the ^* diatomic " gases. 

The best experimental arrangement for examining this ques- 
tion is probably that of Holman,* in which the same constant 
stream of gas passes in succession through two capillaries at dif- 
ferent temperatures, the pressures being determined before the 
first and after the second passage, as well as between the two. 
But to a gas like argon, available in small quantities only, the 
application of this method is difficult. And it seemed unneces- 
sary to insist upon the use of constant pressures, seeing that it 
was not proposed to investigate experimentally the dependence of 
transpiration upon pressure/' . . . 

" Although different gases have been employed in the present 
experiments, there has been no attempt to compare their viscos- 
ities, and indeed such a comparison would be difficult to carry 
out by this method. The question has been, how is the viscosity 
of a given gas affected by a change of temperature ? In one set 
of experiments the capillary is at the temperature of the room ; 
in a closely following set the capillary is bathed in saturated 
steam at a temperature that can be calculated from the height of 
the barometer." 

In the experiments the times of transpiration were found to be 
104'B7 seconds at the temperature of the room (15"^) and 167'58 
at 1 00*^*2 7. The relation between the times of transpiration (t) 
and the absolute temperatures (B) is given by the equation 

— = \-^\ , whence is obtained the value a; = 1'812. As the 

♦ Phil. Mag., vol. iii, p. 81, 1877. 
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integral part of x relates merely to the expansion of the gas by 
temperature, the relation between the viscosities (/a) and tempera- 

tures {$) is given by the formula — = |-^ j , whence n = 0* 

or, as finally corrected, 0*822. The author concludes : 

'' The following table embodies the results obtained in a some- 
what extended series of observations. The numbers given are 
the values of n, corrected for the expansion of the glass. 

Air (dry) 0*754 

Oxygen 0-782 

Hydrogen 0-681 

Argon (impure) 0*801 

Argon (be«at) 0-815 

In the last trials, the argon was probably within 1 or 2 per 
cent of absolute purity. The nitrogen lines could no longer be 
seen, and scarcely any further contraction could be effected on 
sparking with oxygen or hydrogen. 

It will be seen that the temperature-change of viscosity in 
argon does not differ very greatly from the corresponding change 
in air and oxygen. At any rate the simpler conditions under 
which we may suppose the collisions to occur, do not lead to 
values of n such as 0*5, or 1 -0, discussed by theoretical writers." 
— Proc. Boy, Soc, Ixvi, 68. 

2. Behavior of Becquerel and JRdntgen rays in a magnetic 
field ; by R. J. Strutt. — Referring to the fact that it has been 
proved that Becquerel rays are deflected in a magnetic field, the 
author remarks that this result is of great interest on account of 
the light which it throws on the nature of the rays. He says : 

" iJp to the present, the evidence has tended to show that the 
Becquerel rays were of the same nature as the Rontgen rays, 
both being capable of penetrating thin metal sheets, of affecting 
a photographic plate, and of producing ionization in the surround- 
ing air. Neither could be refracted or reflected ; and so far as 
has yet appeared, neither could be polarized. 

These facts seemed to form a fairly strong body of evidence that 
the two kinds of radiation were essentially similar. But the 
announcement of the magnetic deflectibility of the Becquerel rays 
seems to throw doubt on this conclusion. The Rdntgen rays, so 
far as is known, are quite unaffected by magnetic force, tinder 
these circumstances it seemed worth while to make a new attempt 
to discover such an effect on the Rontgen rays. This attempt I 
have carried out. It will be best to say at once that the result is 
negative. 

A focus tube was employed as the source of radiation. It was 
placed at a distance of about 35^°^ from a powerful electromagnet, 
and in such a position that the cathode rays in the tube were 
parallel to the magnetic force due to the magnet. The line join- 
ing the oblique anti-cathode to the center of the magnetic field 
lay in the plane of the anti-cathode. 
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A short distance in front of the magnet a wire was placed at 
right angles to the direction of the rays, and in the plane of the 
anti-cathode. It was thus at an angle of about 50^ to the mag- 
netic force — the same angle as that between the axis of the 
cathode stream and the anti-cathode. This wire was used to cast 
a shadow on a photographic plate placed at a distance of 65^°^ on 
the other side of the magnet. 

An exposure was first made with the magnetic force in one 
direction. The exposure was then stopped, the field reversed, 
and another exposure given, of course without shifting the plate. 
If then the rays had been appreciably deflected, the photograph 
should have shown two shadows, either overlapping, or altogether 
separated. 

The rays casting the shadow were those emitted at a grazing 
angle from the anti-cathode. The reason for using these very, 
oblique rays was that owing to the foreshortening of the anti- 
cathode, the source was virtually narrower than it would have 
been, had rays been used which left the anti-cathode at a greater 
angle. Thus sharper shadows were obtained, and a smaller mag- 
netic defiecticm could have been detected. 

The tube was arranged with its cathode stream parallel to the 
magnetic field, so as to avoid any .shifting of the source of radia- 
tion when the magnet was reversed, owing to an eflect of the 
magnet on the original cathode beam. Such a shifting would 
have given rise to a spurious eflect. The only objection to this 
was that the shadow-casting wire had to be obliquely placed so 
as to be in the plane of the anti-cathode. Thus some sensitive- 
ness was lost.'' 

A discussion of the results obtained shows that a field of a 
strength 3270 C. G. S. units does not produce a curvature of 
radius less than 19,800^™, hence the field required to produce a 
curvature of P™ cannot be less than 6*6 x 10'. 

An estimate of the amount of magnetic reflection of the Bec- 
querel rays was also made ; the result showed a radius of curva- 
ture of 3*^" in a field whose strength was 1680 C. G. S. units. 
Hence the field required to produce a curvature of 1*"" is about 
5X 10*. Using also the results of J. J. Thomson, who shows that 
a beam of cathode rays was bent to a radius of curvature of 9*^"^ 
in a field of 35 units, it is calculated that a field of 315 would 
have been required to bend it to a radius of 1^°^. Hence the fol- 
lowing results brought together for comparison : 

" The field which would be required to produce a curvature of 
l«n radius would be 

For cathode rays 3x10* 

" Becquerel rays 5x10' 

" Rontgen rays not less than 6x10' 

If the Rontgen rays are magnetically deflected at all, it is by 
AD amount less than a ten-thousandth part of that observed in the 
case of the Becquerel rays. 

Am. Joub. Soi. — Fourth Seribs, Yol. IX, No. 53.— May, 1900. 
26 
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The magnetic deflectibility of the Becqaerel rays cannot but be 
considered to be a most characteristic property. And the above 
result appears to make it tolerably certain that the Rontgen rays 
do not possess this property. It is to be concluded, therefore, 
that the Becquerel rays are, after all, essentially different in char- 
acter from the Rontgen rays." — Proc, Roy. Soc,^ Ixvi, 75. 

3. Becquerel Rays, Confirmation of the Material Theory of 
the (leviable Rays of Radium, — Radium has again occupied the 
post of honor during the last fortnight. After the discoveries of 
which we have recently written, a quiet time was to be expected ; 
such, however, has not been the case, and far from diminishing in 
importance, the facts made known during these last few weeks 
surpass in novelty and interest all those of which the discovery 
has already excited such enthusiasm. 

For some time we have been working in the dark, and were 
vainly endeavouring to find the point whence light would come. 
We already knew that the emission of radium did not agree with 
our ideas on ether waves ; but the facts already known did not yet 
warrant us in believing that it was of a material nature. A 
decisive experiment of this kind, as we shall see immediately, has 
just been made by M. Curie ; however, to properly understand 
and appreciate it, it is necessary to consider the question a little 
further back. 

In a paper recently presented to the Academy, M. Becqaerel 
has pointed out several remarkable facts with regard to the 
propagation of the emission of radium. The active substance 
was contained in a little recess, hollowed in a lead slab, placed 
directly on the photographic plate, and the whole was placed in a 
uniform magnetic field parallel to the plate. Under these condi- 
tions the impression due to the rays emitted from below upwards, 
and bent back on to the photographic plate by the action of the 
magnetic field, is limited on the side of its source by an elliptical 
arc, in the interior of which no photographic action can be ob- 
served, while such action can be seen diffused gradually towards 
the parts farthest distant from the source. The rays have thus 
described the arcs, of which the shortest are situated in the plane 
perpendicular to the direction of the field, while the oblique arcs 
have rays of much greater length. 

The aspect alone of the photographic plate shows that the 
emission is complex, since the same field acts in a different man- 
ner on the various rays emanating from the source. But this 
complexity becomes still more evident if we interpose screens in 
the trajectory of the rays. Under these conditions the impression 
nearest to the source is suppressed, the line of light recedes, and 
gets farther from the source the more the substance is absorbent. 
We thus see that the strongly curved rays are absorbed more 
than the others, without any other apparent selection, no matter 
what the screens are made of. 

Now let us examine this characteristic from the point of the 
materialist theory of the rays, and let us suppose that the parti- 
cles emitted by the radium have different speeds. 
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We know that for a same quotient of mass by the charge, the 
product of the field by the radius of curvature is proportional to 
the speed.* Thus the particles which strike the plate the farthest 
from the source will be those possessing the greatest speed, and 
it is natural that they should also be the most penetrating. 

This is a simple idea from which a presumption may result, but 
not a certainty. In fact other hypotheses could explain the 
same coincidence which can only be considered as an accessory 
proof. But the experiment of M. Curie gives us a proof of 
another order. He has placed beyond doubt the fact that the 
emission of radium charges bodies which receive it fiegatively^ 
while the radium itself is charged positively. 

This fact is of such importance, it throws such sudden light on 
the whole question, that the eminent physicists to whom we owe 
these marvelous discoveries would naturally wish to put it in 
evidence, and we believe they would have succeeded sooner had 
it not been for the extraordinary difficulties offered by the experi- 
ment. We do not propose to give it in detail, or to diminish the 
interest of the publication in extenso which belongs to M. and 
Mdme. Curie. We will only say that the extreme minuteness of 
the effects to be measured necessitated the most delicate appara- 
tus, and that the method with piezo-electric quartz, of which M. 
and Mdme. Curie have made such constant and skilful use, alone 
could lead to positive results. But this is not all. The already 
known action of the new radiations was the principal obstacle to 
the success of the experiment. Radium placed at the mouth of 
a Faraday cylinder, while sending its own charged particles into 
the interior, created by that action a permanent conductor along 
their path, and provoked the immediate dissipation of the whole 
of the charges carried. It was therefore necessary to abandon 
this simple method, and to have recourse to a series of artifices, 
of which the most important consisted of enclosing the receiver 
in a double envelope, the first or outer one consisting of a metallic 
sheet connected to earth, while the second was isolated. A part 
of this double envelope was formed of thin leaves, permitting 
the radiation to reach the receiver. 

In a second experiment, the radium itself was enclosed in the 
double envelope and discharged its negative charge to the exte- 
rior without compensation. 

Only one interpretation seems still possible, at least for a por- 
tion of the emission of radium ; this emission is composed of ma- 
terial particles carrying negative charges. 

We might, at first sight, ask if the non-deviable rays are not a 
particular form of deviable rays. This does not seem to be the 
case, for the absorption they undergo would rather send them 
beyond the most deviable rays which have been met with. They 
are either of another kind, or they .have been deprived of their 
charge of electricity. This latter idea is still admissible, and the 

m 
* - V=Hp, an equation established to explain tlie curvature of cathodic rays. 

c 
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singular manner in which these rays behave with regard to ab- 
sorption, as 'We have pointed out in a recent article, would seem 
to confirm the idea. 

Will this collection of well-grounded ideas remove the last dif- 
ficulties ? To affirm this would be to proceed too quickly, since 
the cause of the bombardment is not yet apparent to us. In any 
case the first objection which comes to our minds, that of a neces- 
sary loss of mass of the radium, will not stand examination, for, 
as has been shown by M. Curie, the charges carried off are so 
feeble, that if we admit the same proportions as with cathodic 
rays, some millions of years would be required to remove one 
m. grm. in the case of the most intense radiation that has yet been 
observed. 

What can, however, be said with certainty, is that the new dis- 
coveries singularly limit the field for hypotheses, and by fixing 
the direction for research permit us to forsee a generalisation of 
great magnitude which will be of great attraction in the study of 
certain properties of matter to which in the last few years a large 
body of scientific men have turned. — Revue GenercUe des Sciences, 
No. 5, March 15, 1900. — Chem. News, Ixxxi, 145. 

4. The Echelon Spectroscope and the Zeeman effect, — A 
paper by Lord Blythswood and Dr. E. W. March ant, in the 
April number of the Philosophical Magazine, gives an interest- 
ing account of investigations made with the echelon difiTraction- 
grating invented by Professor A. A. Michelson (this Journal, 
V, 215, 1898}. It shows how admirably it is adapted, as early 
pointed out by the inventor, for the study of certain phenomena, 
e. g. the Zeeman effect. The grating used by the present authors 
was by Hilger and consisted of fifteen plates, each about 7*6"°* 
in thickness, made of light fiint glass and set, as finally arranged, 
80 as to make steps -5"^" wide. This was combined with the tel- 
escope and collimator of a large goniometer, the telescopes hav- 
ing object-glasses of twenty-eight inch focus and two inch aper- 
ture. A small solar telescope was employed to obtain the neces- 
sary preliminary dispersion. The methods of adjusting the 
instrument are described in detail, and also the values deduced 
for the constant of the grating, which depends for its value upon 
the wave-length of light and the refractive index of the glass 
employed. When this constant is known, the difference in wave- 
length between two lines seen in the echelon may be determined 
if their dispersion relative to the distance between two successive 
orders is known. This constant is independent of the width of 
the steps, so that it is immaterial how they are put together, the 
only condition being that the instrument shall not be much 
tilted ; or, in other words, that the light shall pass through in a 
direction nearly normal to the plates. A lar^e magnet was 
employed, giving a field up to 40,000 C. G. S. units. The effects 
especially observed were those for the blue (4358) and green 
(5460) lines of the mercury spectrum. Both of these could be 
photographed, the former requiring an exposure of from ten to 
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twenty minates and the latter of about two hours. The two 
yellow lines were also examined, but no good photographs 
obtained from them. The special results obtained in each case 
are given in detail with a series of photographs, both for the 
single- and double-order condition. Observations were made 
both across and along the lines of force. With respect to the 
blue line (4358), it was found, for example, that under a weak mag- 
netic field the line appears as a triplet ; as the strength of 
the field increases the lower component splits into a doublet and 
the line into a quartet. As seen in the single-order photograph, 
the line finally becomes a sextet, the field having a strength of 
23,400 units. The green line (6460) in a weak field (6000 units) 
splits into a triplet ; with increase of strength the inner compo- 
nent splits into a triplet, while each of the outer lines splits into 
a doublet, the resultant being a septet ; the outer lines, however, 
are really due to three orders. 

The authors close their paper with the following remarks 
regarding the working of the instrument : 

" In order, therefore, to make this valuable instrument more 
serviceable for this class of work, attention should be directed 
to the increase of the constant without too much diminution of 
the resolving power. As suggested by Michelson, this might be 
done by surrounding the instrument, say, with water. This, how- 
ever, would reduce the resolving power to only one-third of its 
onginal value. A better suggestion is that of using thinner 
plates for the instrument and more of them. The plates might 
with advantage be made, say 4™™ thick with, say, thirty plates 
and "5™™ steps, or even '25"" steps. This would, we believe, 
make a more useful instrument for this work than one consisting 
of thirty 8™°^ plates, though theoretically the resolving-power is 
only half what it would be in the latter case. There is, of course, 
no doubt that this instrument forms a most valuable addition to 
the apparatus available for work on the Zeeman efiect." 

5. Effects of ultra-violet light on gaseous bodies, — Much 
attention has been paid to the effect of the X-rays on air and 
gases. Under the action of the cathode and X-rays, air becomes 
a conductor, its oxygen is partially converted into ozone and 
nuclei of steam condensation are formed in it. P. Lenard calls 
attention to the fact that ultra-violet light exerts similar effects. 
In his experiments on steam condensation by means of ultra- 
violet light, it was found that the light from aluminum spark 
terminals was far more operative than that from other metals. 
The following is the list of metals and distances at which the 
working of their ultra-violet radiations began to be noticeable: 



Al 


Cd 


Sn 


Pb 


Zn 


Mg 


60 


36 


27 


20 


18 


12 cm. 



The region of the spectrum where the effects of ultra-violet 
light on gaseous bodies begins is that where the measures of dis- 
persion end. The rays concerned in these peculiar effects have 
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been identified only by Schumann-and by him only in a vacuum. 
Lenard calls attention to some experiments made in the Alps 
by him in 1889, which showed the effect of sanlight in dissipat- 
ing electrical charges. Since the spectrum of the sun's chromo- 
sphere and the protuberances show the presence of hydrogen, and 
Schumann's results show that this gas is especially rich in the 
short waves which are absorbed by the earth's atmosphere, it is 
reasonable to attribute the results obtained by Lenard in the 
Alps to the ultra-violet ray?, which are absorbed at lower alti- 
tudes. — Ann. der Physik,^ No. 3, 1900, pp. 486-507. J. t. 

6. Dielectric Constant of Water and Hydrogen peroxide. — 
H. T. Calvert has determined the dielectric constant of hydrogen 
superoxide by means of electrical waves according to the method 
of Drude. The wave length that was employed had X='75*=°* and 
only a trace of electrical absorption was shown. The constant 
obtained for the hydrogen peroxide — H,0, — was 92*8, while 
that of water, 11,0 at 18°, was 81. The hydrogen peroxide has 
therefore a much greater dielectric constant than pure water. — 
Ann. der Physik.y No. 3, 1900, pp. 483-485. j. t. 

7. Quincke^s Rotations in an Electric Field. — This investi- 
gator showed that a sphere of paraifine-ebonite or sulphur is set in 
rotation when charged and suspended in an electric field. This 
rotation is due to the repulsion of the electricity residing on the 
surface of the spheres by the electricity on the neighboring 
electrodes between which the revolving bodies are suspended. 
L. Graetz shows that the conductibilily of poor conductors and 
its changes under varying conditions can be determined by 
Quincke's phenomenon. The effect of the X-rays also in changing 
the conductibility of such substances and of gases can be studied 
by the same means. — Ann. der P/iysik., No. 3, 1900, pp. 530-541. 

J. T. 

II. Geology and Natural History. 

1. The Slate Belt of Eastern New York and Western Vermont; 
by T. Nelson Dale. (Extract from 19th Annual Report of U.S. 
Geol. Survey, pp. 153-307.)— Few regions of equal extent offer 
such ditHcult problems in stratigraphy and structural geology as 
the two counties along the New York- Vermont boundary de- 
scribed in this report. Walcott has discussed in several papers 
the paleontologic teachings of the area, and the economic import- 
ance of this region, which produces one quarter of the roofing 
slate used in the United States, has long been known. Prof. Dale 
has surveyed the field anew and has made a combined economic 
and scientific study of the complicated area with special attention 
tc» the intricate structural relations existing there. Ten sections 
were worked out across the slates and adjoining schists at import- 
ant and favorable points and the general structural features found 
to be as follows : '' The strata of the schist mass on the east, 
closely plicated and cleft with easterly dipping slip cleavage, lie in 
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broad nndalatioDS, but are crowded over at the west into a some- 
what sharp anticline." In the Cambrian slate mass there are 
close folds more or less ov'erturned to the west with easterly dip- 
ping slaty cleavage obscuring the bedding. " The folds are so 
close and the cleavage is so pronounced that the cores of adjoin- 
ing synclines and anticlines are brought very near together or 
the anticlinal portions of several folds do not appear. Series of 
various folds form compound anticlines and these minor Cambrian 
anticlinoria alternate with Ordovician synclinoria conformably 
overlying Cambrian ones." The details of structure along these 
sections — bedding, cleavage, grain, etc. are fully discussed and 
illustrated by numerous photographs and diagrams. 

Much attention has been given in this paper to the chemical 
and mineralogical composition of the slates. Complete analyses 
have been made of seven varieties and the mineralogical composi- 
tion of the various types has been determined by careful exam- 
ination of over 200 thm sections. In addition to the microscopic 
descriptions, five colored lithographic representations of mi- 
croscopic sections are given of each variety of commercial 
importance. These illustrate clearly the differences in texture 
and composition which underlie differences in quality and color. 

Under the head of Scientific Geology (pp. 278-300) Prof. Dale 
deals with the more purely scientific problems connected with 
slates in general and those of the New York- Vermont region in 
particular. He first reviews the present state of science on the 
chemical and physical constitution and origin of slates. This criti- 
cal discussion taken together with the bibliography (pp. 1(56-1'74) 
is especially valuable lor students in that it brings together in an 
American publication a synopsis of all that is known about 
"slate." Several pages are next devoted to the complex question 
of the relations between the Lower Cambrian and the Lower 
Ordovician in this region. Indications of slight unconformity 
between these horizons are noted and the probability of local 
diversity of contemporaneous sedimentation is explained. The 
geological history of the slate belt is the last subject of a theoret- 
ical nature treated. In brief the history is as follows : A land 
surface chiefly of granites and gneisses was covered by the sea in 
which were deposited Lower Cambrian sediments which show 
by their character great variations in conditions of deposition. 
For some reason no Middle and Upper Cambrian deposits 
were laid down, but grits, shales and slates of the Ordovician 
follow the Lower Cambrian directly. At the close of the 
Ordovician, the accumulated sediments, both Cambrian and 
Ordovician, gradually emerged in folds more intensely plicated 
toward the east. The increasing pressure produced metamor- 
phism and percolating alkaline waters deposited silica in open- 
ings formed by the folding. These movements produced the 
slates. At some later time another movement occurred resulting 
in diagonal joints, quartz veins, shear zones and other secondary 
structures. Some of the fractures were so deep as to occasion 



384 Scientific Intelligence. 

dikes — 22 of which are mapped. The remaining geological his- 
tory is concerned with the events which transpired in the Glacial, 
Champlain and Recent periods. * h. s. g. 

2. A Contribution to the Geology of the NortJiem Black HiUs ; 
by John Duer Irving. Annals New York Academy of Sciences, 
Vol. xii, Xo. 9, pp. 187-340, Pis. v-xvi, figs. 5-20. — This paper 
is for the most part a detailed petrographical study of an area 
just west of Deadwood, So. Dakota, which is important because 
of its interesting rock types and intrusions, and also as the home 
of an increasing mining industry. The first few pages of the 
report are devoted by Dr. Irving to a description of the Algon- 
kian, Cambro-Silurian and Carboniferous strata, after which the 
eruptives which occur here in great variety are discussed. The 
position of the intrusions indicates that the Black Hills were 
twice subjected to prolonged igneous disturbances ; once previous 
to the metamorphism of the Algonkian when the intrusions were 
basic (amphibolites) ; and again during Post-Cretaceous times 
after the Paleozoic and Mesozoic sediments had been deposited. 
These later intrusives are alkaline and have no genetic relatioo- 
ship with the amphibolites. In considering the form assumed by 
the intrusions, the author difiers somewhat from Newton, Russell, 
and other workers in this region. He concludes ^ that the infla- 
ence of the rocks into which the magmas are intruded has been 
the determining factor of tbe form assumed by the intrusion^ (p. 
244). 

Petrographical examination of the rocks shows eight families, 
as follows : grorudite, phonolite, rhyolite, andesite, dacite, diorite, 
lamprophyre, amphibolites. Phonolite occurs most abundantly 
and is described at considerable length. 

The ore bodies of the region are found in three geological 
ages — Algonkian, Cambrian and Carboniferous. The Algonkian 
ores occur as impregnated zones in the metamorphosed slates and 
schists, like the Homestake mine at Lead City. The Cambrian 
areas which for the last few years have yielded the greatest out- 
put of all the Black Hills Mines are replacements of impure lime- 
stones by siliceous solutions bearing gold. The Carboniferous 
ores which have not as yet been fully exploited are silicified 
brecciated limestone, much like the Cambrian deposits. Numerous 
diagrams, sections and photographs increase the usefulness of the 
work. H. E. G. 

3. Description of a New Genus and Tioenty New tSpeciea of 
Fossil Cycadean Trunks from the Jurassic of Wyoming ^ by 
Lester F. Ward. Proceedings of the Washington Academy of 
Sciences, vol. i, pp. 253-300 (PI. xiv-xxi), Feb. 14, 1900. — Id 
this contribution Professor Ward adds another important chap- 
ter to our knowledge of the cycadean vegetation of the North 
American Mesozoic. 

The determination of the new genus and species is the result 
of a study of 85 specimens from Carbon County, Wyoming. Of 
the types, two, Oycadella Beecheriana and Cycadella lieedii 
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belong to the Yale collection. The remaining eighteen types as 
enumerated below are the property of the University of Wyoming 
at Laramie. 

The discovery of these cycads by W. H. Reed and their Juras- 
sic age was first announced in this Journal by Prof. O. C. 
Marsh in a note on '' Cycad Horizons in the liocky Mountains," 
vol. V, p. 197, Aug., 1898. 

Professor Wilbur C. Knight is also quoted as follows : " There 

is no question as to the horizon of these Cycads. It is in the 

Jurassic fresh-water beds and near the bottom. 

« « « * ♦ ♦ « 

A section through the locality of the cycad beds will be about 
as follows : 

Triassio red sandstone, 1000 feet. 

Lower Jurassic (marine), 200 feet. 

Upper Jurassic (fresh- water), 225 feet. 

Dakota Conglomerate, from 50 to 200 feet." 

Further, Professor Ward as the result of a personal visit to the 
new locality confirms the previous observations on its strati- 
graphical position as follows : " The section of the Freeze-Out Hills 
immediately to the east of the cycad bed and including the ledges 
formed by the stratum in which they occur was carefully meas- 
ured. It is a characteristic section since it extends from the Red 
Beds at the bottom of the valley to the Cretaceous which caps 
the hill and is supposed to represent the Dakota Group, although 
such an examination of it as I was able to make led me to sus- 
pect that it is the equivalent of the Lower Cretaceous of the 
Black Hills, possibly extending, in some places, to the true 
Dakota Group of Meek and Hayden. 

The following is the section : 

Lower Cretaceous capping the hill 50 feet. 

Base of Cretaceous to top of cycad bed 100 " 

Thickness of cycad bed 10 '' 

Bottom of cycad bed to top of Marine Jurassic 80 ** 

Thickness of Marine Jurassic to bottom of valley 

on Red Beds 115 " 

Total exposure 355 feet." 

The name Cycaddla is a very appropriate one for this new 
series of pygmaic species, — on the average scarcely a tenth the 
size of the trunks from the Black Hills. The generic distinction 
is based mainly on the remarkable development of a secondary 
ramentaceous covering of the trunks, the general structure, course 
of the leaf bundles and lateral position of the axes of fructification 
being otherwise that seen in the genus Gycadeoidea, 

Professor Ward says : ** The most marked feature that struck 
me on first casual inspection of these trunks, aside from their 
relatively small size, light color, and soft calcareous [siiicified] 
structure, was the frequency of a sort of smooth, to the naked 
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eye, structureless, dull, uniform, coveriog that invests their outer 
surfaces and cuts off the view of the normal organs of the armor. 
A closer examination revealed the fact that this was not an 
occasional condition but the normal state of these cycads, and 
that the cases in which this outer coating is wanting represent 
the abnormal state. It further became clear that there really are 
no cases in which it is naturally absent, and that its absence is 
always due to some external influence acting upon the surface 
which has removed it. * * * * 

^' The special susceptibility to petrifaction on the part of the 
ramentum explains the presence of the external covering of the 
Wyoming Jurassic cycads, since it seems actually to consist in a 
mass of these ramentaceous hairs, which in some way developed 
so luxuriantly upon the sides of the petioles, as to push oat 
beyond the surface, and roll over the spaces formerly occupied 
by the leaves and fruits. It seems necessary to assume that this 
occurred long after the fall of the leaves, and, indeed this latter 
doubtless took place much as it does in living cycads, the leaves 
always forming a crown to the trunk and falling away as the 
trunk elongates, leaving only their persistent bases to form a 
false bark. These are not wholly dead, but manifest vegetative 
activity, and doubtless have some physiological function." 

From these facts, supported by sections and polished surfaces, 
it is decided, that " Cycadella developed an exuberant growth of 
fine scales or hairs from the bases of its old petioles below the 
apex, which formed a woolly or mossy covering of considerable 
thickness, sufficient when tightly appressed to the trunk and 
petrified, there to form a layer 6-15™™ thick all over the fossil 
trunks." 

Whoever has seen these trunks will certainly grant from the 
briefest observation that their development of ramentum was 
very profuse ; and must have given the trunks below the crown 
of leaves the appearance seen in certain Cacti. Is it not quite 
possible that they grew in dry, cold, or semi-arid situations ? 
This would account at least in part for their small size. 

The present new series of cycadaceous plants greatly enhances 
the interest and value of the recent discovery and investigation 
of the remains of the extensive cycadean vegetation occurrmg in 
strata of the Black Hills rim regarded as lowermost Cretcuseous 
by some and upper Jurassic by others. 

The assigned species of North American cycadean trunks now 
numbers 52, referred to two genera as follows : 

Upper Jurassic (?) of the Black Hills (Dakota and Wyoming) ; Cycadeoidea daeo- 
tensis Macbride, colossalis, Wellsii, minnekahlensiSy pvlcherrifnay cieatrictda, 
turrila, Macbridei, Marshiana, furcata, Colei^ Faynei, cup«ra, insotitcL, oceiden- 
talis, Jenneyana, ingens, formosa^ Stilwelli, excelsUy narukf and Wielcmdi (U«t 
20 species Ward). 

Upper Jurassic, central Wyoming, — Cycadella Beecheriana^ Reedii, Wyomwgensis^ 
Kncnvltoniana^ compressa, Jurassica, nodosa, cirrata^ exogena, ramentosa^ fer- 
ruginea, contracta, gravis, verrucosa, jejuna, concinna, crepidaria^ geHda^ car- 
honensis and Knightii (all Ward's species). 
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Fotomac formation of Marjland (Upper Jurassic?). — Oycadeoidea Marylandica 
Fontaine, Tysoniana, Foniaineana^ McGeeana, OTileri, Bibbinsij and Oouch- 
eriana Oast 6 species Ward). 

JHnity Beds (Comanche Series), Cheyenne Rock, Belvidere, Southern Kansas, — 
Oycadeoidea munita Cragin. 

Pre (?) Laramie, near Golden, Colorado, — Oycadeoidea mirabUis Lesquereux. 

Upper 7)rias, North Carolina, locality lost, — Oycadeoidea Emmonsi Fontaine. 

IHas of Prince Edward's Isle, — Oycadeoidea abiquidensis Dawson. 

Aboat 35 species of cycadean trunks, probably all belonging to 
the Cycadeoidean group, have been described from European 
localities, chiefly in strata of Upper Jurassic or questionably 
Lower Cretaceous age. Recent study of the microscopic features 
of the American forms made by the reviewer, and still continued, 
have shown their close parallelism to European forms. 

The determination of this highly developed, extensive, and 
probably synchronous development of cycadean vegetation on 
DOth continents in the middle Mesozoic form^ one of the most 
interesting additions to Palaeo-botanical knowledge made in 
recent years. g. r. w. 

4. Geologic Atlas of the United States. TeUuride Folio^ 
Colorado, Areal Geology ; by Whitman Cross assisted by 
Messrs. Gane, Lord and Spen'ckr. Topography^ by Frank 
Tweedy. — The area described in this folio, which has recently 
become so well known from its valuable gold and silver mines, is 
situated in the *'San Juan" region. The chief features of its 
geology are the Jura-Trias, Cretaceous strata with intrusions of 
Igneous rocks in the form of stocks and laccoliths and the great 
outflows of rhyolite and piled up masses of rhyolitic tufls and 
breccias. 

We note a change from the former atlas sheets in that there 
are some 17 to 18 pages of text, instead of the usual two or three. 
With the large page this gives quite a full treatment of the 
geology of the district, equalling perhaps 125 to 150 pages of an 
ordinary octavo volume. In addition there are three half-tone 
plates of beautiful photographs giving eighteen views illustrating 
thoroughly the topographic features and broader geologic char- 
acters of the district. We trust that this advance in the scope of 
the atlas sheets will be a permanent one, especially in the increase 
of the descriptive matter in the text, since it will greatly increase 
the value of the work as a whole and particularly for local use. 

In addition to the geology by Cross, there is a valuable chapter 
on the ore deposits by C. W. Purington, treating of the fissures, 
veins, etc. l. v. p. 

6. The Freshioater Tertiary Formations of the Rocky Moun- 
tain Region ; by W. M. Davis. Proceedings of the American 
Academy of Science, Vol. xxxv, No. 17, March, 1900. — The lacus- 
trine origin of the freshwater Tertiary deposits of our western 
states was asserted by nearly all of the early workers on the 
geological surveys. Hayden, King, Powell, and Dutton describe 
the conditions and character of the depositions at some length, 
and their conclusions that they are lake sediments are supported 
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by the paleontological studies of Newberry, Cope and Marsh. 
Most of the later workers in the Rocky Mountain and Plains 
region consider the origin of the formations as settled, or give addi- 
tional evidence to show the lacustrine origin of some smaller areas 
(e. g. Arapahoe and Denver Formations of Colorado). Naturally, 
too, the text books most widely used both in America and Europe 
assert unqualifiedly the existence of extensive lakes in the Rocky 
Mountain region during Tertiary time. 

To the unquestioned acceptance of this time-honored interpre- 
tation. Professor Davis objects, and from a comparison with the 
fluviatile plains of the Po and of northern India, as well as from 
theoretical considerations, he has been led to recognize the possi- 
ble non-lacustrine origin of the western Tertiary aeposits. This 
possible explanation seems to be very closely related in the 
author's mind to the probable explanation, as some sentences 
show \ e. g. '^ as far as the published descriptions of these deposits 
afiord evidence of their detailed structure, it appears to me 
probable that streams and rivers have had more than lakes or 
winds to do with their formation, and hence that ^fiuviatile' 
might often to advantage replace Macustrine' in describing 
them " (p. 360). As an aid in distinguishing the difPerent 
classes of deposits, some pages are devoted to a useful discussion 
of the characteristics of lacustrine, fiuviatile and aaolian sedi- 
ments. 

The object of this paper, as announced by the author, " is lo 
promote consideration, rather than to announce conclusions," and 
it is more tlian probable that the object will be attained, and an 
interesting and fruitful discussion called out, for geologists are 
not likely to abandon the lake hypothesis and the numeroos 
geological and paleontological conclusions based upon it without 
most careful consideration. h. e. g. 

6. Text' Book of Paleontology by Karl A, von Ziltelj translated 
and edited by Chas. R. Eastman. Vol. I, pp. 1-T06, with 1476 
wood cuts. New York, 1 900 (The Macmillan Co.). — With the puh- 
lication of the second part, beginning with page 353, the first volume 
of this important work is completed. It includes the chapters on 
the Protozoa, Coclenterata, Echinodermata, Vermes, MoUuscoidea, 
Mollusca and Arthropoda. Notice of the first part was published in 
these pages when it first appeared (see vol. ii, p. 394). A character- 
istic feature of the translation is the free revision of the chapters 
by American specialists. The Pelecypoda is thoroughly revised 
by Dr. Dall. In the present classification the primary ordinal 
groups are Prionodesmacea, Anomalodesmacea, Teleodesmacea. 
The hinge-teeth furnish the more important characters for the 
secondary subdivision of the ordinal groups. The Gastropoda, 
revised by Professor Pilsbry, retain substantially the classifica- 
tion of the German edition. The sub-class Tetrabranohiata of 
the Cephalopoda has received a complete revision at the hands of 
Professor Hyatt ; the arrangement as well as the definition of 
the groups has been much changed ; very few of the older 
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ordinal or family names appear; the geDeric names and the 
figures are, however, sabstantially the same as in the original 
edition. A note on page 592 informs the reader that '' the clas- 
sification and diagnoses are condensed from an exhaustive mono- 
icraph on fossil cephalopods at present still in MS.'' Prof. A. £. 
Verrill contribates several valuable notes regarding structure of 
the animal. 

The chapter on Dibranchiata is little altered in the translation. 

The chapter on Trilobita is not a translation, but an article 
prepared for the volume by Professor Beecher. It presents his 
own classification, which is based chiefiy on ontogeny and the 
modification of the free-cheeks; a character which under the 
Xj^xxn facial suture plays so conspicuous a part in the earlier clas- 
fiifioation of Trilobites. 

The section on Ostracoda is abridged from a fuller treatment 
of the group prepared by Mr. £. O. XJlrich ; and Dr. John M. 
Clarke contributes the chapters on Phyllopoda, Cirripedia and 
Phyllocarida, also adding some new figures to their sections and 
to the chapter on Merostomata. 

Professor J. S. Kingsley revised the other orders of Malacos- 
traca and all the chapters on Arthropoda have received his expert 
criticism. 

The chapter on Insects is revised by Professor S. H. Scudder, 
who contributed the original chapters on Myriapoda, Arachnoidea 
and Insecta to the larger German work ; '* Handbuch der Pale- 
ontologie," vol. ii. 

The figures, which are sharp and clean, are chiefiy those of the 
original edition, though with many additions distributed through 
the work contributed by the American collaborators. 

American students of Paleontology owe a debt of gratitude to 
the editor for his laborious task of rendering this classic work 
into the English language. They should also fully appreciate 
the courtesy shown by Professor Zittel to Americans in permit- 
ting such free translation of his work to be made ; and partic- 
ularly for allowing the insertion, in place of translation of the 
originals, of chapters written entirely by the American authors, 
with whose views he is not always in accord. w. 

1, Occurrence of Corundum in Canada, — Volume viii, Part 
n, 1890, of the Report of the Bureau of Mines, published at 
Toronto, includes an interesting article by W. G. Miller (pp. 
205-240) on the corundum areas and the associated minerals of 
Ontario; this is a continuation of the discussion in the volume of 
the year before (this Journal; vii, 318). This report gives addi- 
tional facts in regard to the distribution of coruudum, and empha- 
sises its occurrence in igneous rocks of the following types : 
(2) syenite (mica, etc.); (2) syenite-pegmatite; (3) nepheline 
syenite; (4) anorthosite. Another paper on the same subject by 
Archibald Blue follows (pp. 241-249), while A. P. Coleman (pp. 
250-253) describes a nephelite-syenite from Dungannon township, 
Hastings Co., which is remarkable for carrying numerous small 
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crystals of corandum, which stand out conspicuously on a weath- 
ered surface. 

8. A Manual of Zoology ; by T. Jeffrby Pabkbb and Wm. A, 
Harwell. 8vo, pp. 563, 327 cuts. New York, 1900 (The Macmillan 
Co.). — This smaller work is admirably adapted for the special ase 
of young students, or for class-room work in preparatory schools 
and colleges. It is modelled, in general, after the larger Text 
Book of Zoology, by the same authors and publishers (1897), to 
which it forms a very suitable introduction. 

In the present work much of the more technical matter of the 
larger work has been left out, and a number of the rarer or less 
known groups have been omitted, as well as the extinct fossil 
forms, in order to save space. Comparatively little space is 
given to histology and embryology, the object being to give a 
concise account of the structure and classitication of the larger 
and more important groups, in harmony with the views of modern 
investigators, a. e. v. 

9. Reports on an Exploration off the West Coasts of Mexico, 
Ceiitraland South America^ and off the Galapagos Islands^ in 
charge of Alexander Agassiz, by the U. S. jF^ish Commission 
Steamer Albatross^ during 1891^ Lieut. Com. Z. L. Tanner, 
U. S. N., commanding — The Fishes / by S. Garman. Memoirs 
of the Museum of Comparative Zoology, vol. xxiv, 4to, 1 vol. of 
text, with an atlas of 97 plates and a chart, December, 1897. 

This is a grand contribution to oceanic ichthyology, which 
science owes to the well-known liberality of Mr. Agassiz and to 
the prolonged and careful studies of Mr. Garman. It is a worthy 
successor to the great work of Gaade and Bean on the Atlantic 
Deep Sea fishes. A large number of new genera and species are 
described, many of them remarkable in form and structure. The 
plates are admirable. Of these 14 are printed in colors, a. e. v. 

10. T/ie Fur Seals and Fur Seal Islands of the North Pacific 
Ocean; by David Starr Jordan, associated with Leonard 
Stejneger, Frederic A. Lucas, Jefferson F. Moser, Chas. 
H. Towns knd, Geo. A. Clark, Joseph Murray, with special 
papers by twenty-five others. Washington, D. C. (Gov't Prin^ 
ing Office), 1 898. Four Parts, with numerous plates and charts.— 
This is a nearly exhaustive work on the natural history of the 
fur seal, and oi the ])re6ent and past conditions of the fishery. It 
shows very clearly the rapid decline in numbers of the seals dur- 
ing recent years, due chiefly to pelagic sealing and the consequent 
starvation of large numbers of pups on the breeding grounds. 

Tbe report contains numerous special papers on the Zoology 
and Botany of the region, by about twenty-five specialists, besides 
those oflicially connected with the investigation. 

Part IV by Mr. Stejneger, is devoted to the Asiatic Fur Seal 
Islands and their fisheries. It is illustrated by 108 plates and a 
number of charts. Part III contains much information in regard 
to pelagic sealing. It also has chapters on the fishes, birds, mam- 
mals, moUusca, Crustacea, plants, etc., of the Pribilof Islands. 

A. B. V. 
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11. JTie Nature and Work of Plants: An Introduction to the 
Study of Botany ; by Daniel Trembly MacDougal, Ph.D., 
Director of the Laboratories, New York Botanical Garden. Pp. 
xvii + 218. New York, 1900 (The Macmillan Company).— As 
the title indicates, the book before as deals with the functions of 
plants rather than with their structure. It is intended for the 
use of beginners who have no laboratory facilities at their dis- 
posal, and is written in simple language with the avoidance, so 
far as possible, of technical words. Most of the facts brought 
forward are illustrated by common plants and by experiments 
which can easily be made. In the first part of the book, atten- 
tion is called to the general features of plants, to the various 
kinds of work which they perform, and to the division of labor 
resulting from the differentiation of the plant-body into organs 
and tissues. The functions of roots, leaves, stems and the differ- 
ent kinds of reproductive processes are then taken up with con- 
siderable detail and occupy the greater part of the volume. The 
last chapter deals briefiy with ecology and includes descriptions 
of a few of the most characteristic plant-societies. a. w. e. 

III. Astronomy. 

1. The Total Solar JEhlipse of May 28th.— The eclipse of May 
28th, though of short duration, is so convenient for observation in 
the United States that a large number of observers will take the 
field. The line of totality in the United States is 1000 miles 
long, commencing at New Orleans, where it occurs at 7.27 a. m. 
and lasts for 1 minute 13 seconds, the central line passing through 
the suburbs of the city, and running off into the Atlantic at 
Norfolk, Va., where it occurs at 8.50 a. m. and lasts for 1 minute 
42 seconds. 

From the extensive researches of the Weather Bureau it appears 
that weather conditions are most favorable in the part of the 
track through North and South Carolina and Georgia, where on 
the eastern slopes of the Appalachians, at an elevation of about 
1000 feet, the chances are six to one in favor of clear sky. Near 
the coast the chances are four to one, but the longer duration 
JQBtifies the use of this region equally with the inland sites. Thus 
the Naval Observatory will send one party to Virginia Beach and 
another to North Carolina, while the party from Yerkes Observa- 
tory, consisting of Professors Hale, Barnard and Frost, will by 
invitation go also to Virginia Beach and work in cooperation 
with the Naval Observatory. For the most part, however, sta- 
tions have not yet been definitely selected. 

Both of these parties and also those from the Lick Observatory 
under Campbell and the Charbo Observatory under Burckhalter, 
will use photographic lenses of 40-foot focus for taking plates 
about 14X17 inches, on which the details of the corona can be 
presented on so large a scale as to avoid the necessity of further 
enlargement of the negative with the consequent loss of definition. 
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CampbelPs photographs of this kind taken in India in 1898 are 
regarded as the finest ever made. 

The eclipse committee appointed by the Astronomical and 
Astrophysical Society, Messrs. Newcomb, Hale, Barnard and 
Campbell, have issued a circular letter, under date of March 29, 
specifying in eleven classes the different lines of work that may be 
profitably undertaken, offering suggestions, in many cases quite 
minute, as to methods of work, and inviting the codperation of 
all who intend to observe the eclipse. 

The classification of work is as follows : 

(1) Observations both direct and photographic of the relative 
position of the sun and moon for correcting the tables. 

(2) Drawings of the corona made at the telescope, noting espe- 
cially the structural features near large prominences and the 
general outline of the corona. 

(3) The color of prominences. 

(4) Photographs of the corona. 

Attention is called to three classes of camera lenses which may 
be used for s])ccial purposes : 

(a) Those of focal length about six times the aperture with a 
wide range of exposure, from ^^ up to 20 seconds, for recording 
the outer corona and extensions. 

(b) Those of focal length about fifteen times the aperture with 
exposures from ^ to 2 seconds, for recording the mid corona, 
inner corona and prominences. 

(c) Those of relatively great focal length for recording the 
minute details of the structure of the inner corona. 

Revolving diaphragms immediately in front of the plate, like 
the star used by Burckhalter in India, are recommended for 
reducing the brightness of the inner corona to the intensity of 
the mid region, whereby both can be photographed sharply with 
the same exposure. 

(5) Photographic search for an intra-Mercurial planet. 

(6) Distribution of "coronium" by testing visually and photo- 
graphically the spectrum of different parts of the corona. 

(7) Wave length of the green coronal line by photographs 
from a powerful spectrograph. 

(8) Photographs of the " flash " spectrum at stations near the 
boundaries of the shadow path, including if possible a study of 
the dark line spectrum before the flash at first contact and after 
the flash at last contact. 

(9) The heat radiation of the corona measured by the bolo- 
meter in the streamers and rifts and at various distances from the 
sun's limb. 

(10) Photometric observations of the corona at various dis- 
tances from the sun's limb, preferably photographic on account 
of the short duration of totality. 

(11) Photometric observations of Mercury, 

It is recommended that attempts be made to photograph the 
corona for as many seconds as possible before and after totality, 
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and photographers are cautioned to develop images slowly and 
to keep them as thin and transparent as possible, and to ^^back " 
all plates to prevent halation. 

A matter beyond the scope of the circular but of much interest 
for spectroscopic work is the redetermination of the principal line 
of the corona. Professor Young has published a note calling 
attention to the important fact that the photographs made by 
Campbell and the English observers in India show that the old 
1474 K line is in error. Special attention should be given to it 
in the coming eclipse. w. b. 

2. Total JEkslipses of the Sun ; by Mabbl Loomis Todd. Pp. 
273. Revised edition. Boston, 1900 (Little, Brown & Co.). — 
No one on this side, or perhaps on either side, of the Atlantic has 
labored more or traveled farther in eclipse work than Professor 
Todd. 

His wife has shared his travels and to some extent his labora, 
and has supplemented them by a volume written in a thoroughly 
scientific spirit and in the '^ handy science " form. The special 
merits of the book have been noticed at its first appearance. 
The second edition is opportunely brought out while interest is 
aroused in this country by the coming eclipse of May, and brings 
ihe work down so as to include the eclipses of '96 and '98 
observed in Nova Zembla and India. 

IV. Miscellaneous Scientific Intelligence. 

I. National Academy of Sciences, — The spring meeting of the 
National Academy was held at Washington from April 17th to 
19th. The President, Dr. Wolcott Gibbs, presided. The list of 
papers accepted for reading is as follows : 

S. F. Kmmons: Secondary enrichment of sulphides in ore deposits. 

A. Agassiz: The cruise of the U. S. Fish Commission Steamer '• Albatross " in 
the South Seas, August, 1809 to March, 1900. 

Thbodore Gill : On the Zoogeographical relationships of Africa. 

Simon Newcomb: Report of the Watson trustees on the award of the Watson 
medal to David Gill. 

F. W. Putnam : A human bone from the glacial deposit at Trenton, N. J. 

L. E. Griffin : The anatomy of Nautilus pompilius. 

J. E. DuERDEN : West Indian Madreporarian polyps. 

Reginald A. Fessenden: On the use of electric motors, of the shunt type, 
for solving linear differential equations of any order with variable coefficients. 
On the prediction of the physical properties of the pure metals. 

Rolun a. Harris: A partial explanation of some of the principal tides. 

The following gentlemen were elected members of the Academy : 
James E. Keeler of the Lick Observatory, Mt. Hamilton, Cali- 
fornia ; Henry F. Osborn and Franz Boas of Columbia University, 
New York City; Samuel F. Penfield of Yale Univeisity, New 
Haven. The Academy was entertained by the Washington 
Academy of Sciences on Wednesday evening the 1 8th. The 
autumn meeting is appointed for November 1 3th at Providence, 
R. I. 

Am. Jour. Sox.— Fourth Sbeibs, Vol. IX, No. 53. — May, 1900. 
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2. Proceedings of the Washington Academy of SdenceSy vol. 
i, pp. xiv, 347 ; Plates xxvi. — The firat volume of the Proceed- 
ings of the Washington Academy of Sciences has recently been 
issued. It contains, besides administrative matters, a series of 
valuable papers. The first of these is a revision of the Squirrels 
of Mexico and Central America, by E. W. Nelson ; another g^ves 
a synopsis of Mexican and Central American Umbelliferse, by J. 
M. Coulter and J. N. Rose; an important paper by Lester F. 
Ward (noticed in the present number, p. 384) describes a new 
genus and twenty new species of the fossil cycads from Wyo- 
ming; a paper by C. D. Walcott on the Lower Cambrian Terrane 
of the Atlantic Provinces was noticed in the April number 
(p. 302). 

-3. Meport of the Superintendent of the United States CoaM 
and Geodetic Survey, showing the progress of the work from 
July 1st, 1897, to June 30th, 1898. Pp. 489, 4to, with numerous 
maps and plates. Washington, 1900. — The present volume is the 
sixty-seventh' annual report issued by the Coast Survey Bureau, 
now under the charge of Prof. H, S. Pritchett, It contains the 
usual administrative report and in addition a series of appendices 
by various members of th^ scientific corps of the Survey. Three 
of these contain altitude determinations by means of spirit leveling 
between Salina, Kansas, and Colorado Springs ; another discusses 
determination of time, longitude, latitude, and azimuth; still 
ano.ther the salinity and temperature of certain parts of the 
Pacific Ocean. 

4. Vertical Gradients of the Temperature^ Humidity, and 
Wind Direction, A Preliminary Report on the Kite Observa- 
tion of 1898. Prepared under the direction of Willis L. Moore, 
Chief of the U. S. Weather Bureau, by H. C. Frankbnfibld. 
Washington, 1899. (U. S. Department of Agriculture, Weather 
Bureau, Bulletin F.) — This volume is a striking illustration of the 
advance made in meteorological methods in recent years by the 
use of kites. The opening pages by Prof. C. F. Marvin describe 
the construction of the kites found to be most useful, the method 
of using them, and the meteorograph employed. 

6. The Theory and Practice of Interpolation / by Hbbbert 
L. Rice, M.S., of the American Ephemeris. Pp. 234, 4to. Lynn, 
Mass., 1900 (The Nichols Press). — A treatise of much value for 
computers. The author has collected for the first time, from all 
sources since Newton, everything of value relating to differences, 
interpolation, tabular differences, and mechanical quadrature with 
many processes and developments, original if not altogether new. 
Eight tables, including Newton's, Sterling's and Bessel's coeffi- 
cients, a large number of illustrative examples and a full bibliog- 
raphy add greatly to the usefulness of the book. w. b. 

6. Irrigation and Drainage ^ Princljyles and Practice of their 
Cidtural Phases ; by F. H. King. Pp. 1-492; New York, 1900. 
(The Macmillan Co.) — This last volume in the Rural Science 
Series is a well written, well illustrated discussion of the relation 
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of soil moisture to plant life. It bears the marks of careful 
iDvestigatioD, yet is written in untechnical language and is just 
such a book as should interest and aid those engaged in any form 
of soil tillage. h. e. o. 

7. Mesure des Tempiratures elevees; par H. Le Chatelieb 
et O. BouDOUABD, pp. 220, 8vo. Paris, 1900, Biblioth^qne de 
la Revue g^n^rale des Sciences (Georges Carr^ et C. Naud). — 
The measurement of very high temperatures is always a matter 
of sreat interest, whether viewed from the purely physical stand- 
point or from the technical side. The early experiments of 
Wedgwood, dating back more than one hundred years, form a 
starting point in the development of the subject, while the recent 
experiments of Chatelier, Bams, Holborn and Wien, and others 
show how much may be accomplished in this direction. The 
present volume is a very useful and compact resume of the entire 
subject, taking up the various forms of pyrometers in succession, 
according to the physical principles involved in each. The whole 
forms a most interesting discussion, and brings out clearly the 
point which science has now reached as well as the limitations of 
the present methods. The author notes that in order to reach a 
higher degree of precision than has been yet attained, a more 
exact determination of the fixed points serving for the graduation 
of the pyrometer is much to be desired ; since, for example, the 
points of fusion of zinc, silver, and gold are still uncertain to 
some ten degrees. Furthermore, a more precise determination of 
the relation between the electrical resistance of platinum and the 
temperature is needed; while for the very highest tempera- 
tares it would be useful to have a more definite knowledge of the 
laws of radiation of an absolutely black body. The work is well 
brought up to date and includes, for example, the experiments of 
Holl:Norn and Wien (1896), although the later papers by Holborn 
and Day, of a year ago, with their important results, are not 
mentioned. 

Obituary. 

Dr. Thomas Pbeston died at his home in Dublin on March 7 
at the early age of forty years. His works on the " Theory of 
Light "(1890) and the "Theory of Heat" (1896) gave him a 
high place among writers in Physics, while his papers, following 
Zeeman, on radiation phenomena in a magnetic field (1897, 1899) 
showed that he was an investigajtor of a high order. 

Mr. George James Symons, the well known English meteor- 
ologist, died on March 10, at the age of sixty-two. 

Dr. St. George Mivart, the distinguished English biologist, 
died on April Ist at the age of seventy-three. Some of his promi- 
nent works are: "On the Genesis of Species" (1871); "Lessons 
in Elementary Anatomy" (1873) ; " Nature and Thought" (1882)^ 

Dr. Wilhelm Waagen, Professor Oi Paleontology at the 
University of Vienna, died on March 24 in his fifty-ninth year. 

Professor Emile Blanciiard, the celebrated French zoologist, 
died at Paris in February at the age of eighty-four. 
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Professor Oliver Payson Hubbard died at his home m 
New York City, on March 9th, in his ninety-first year. His long 
life spanned nearly the whole of the century now closing, and 
his death thus takes away almost the last survivor of the group 
of teachers who were actively interested in, and engaged in pi"o- 
moting, the first beginnings of science in this country. 

He was bom at Pomfret, Conn., in 1809, but his youth, after 
1811, was spent at Rome, N. Y. He entered Hamilton College, 
in Clinton, N. Y., in 1825, and a year later joined Yale College, 
where he was graduated with the class of 1828. Of this class he 
was the last survivor. After graduation he spent three years in 
teaching and from 1831 till 1836 was assistant to Professor 
Benjamin Silliman in the Yale Chemical Laboratory. Of his work 
here, Professor Silliman speaks as follows: "Mr. Hubbard 
remained with me five years, and his services were very impor- 
tant. His intelligence and gentlemanly bearing made him very 
acceptable to the strangers who often called upon us. He was 
also highly acceptable to the students, whom he treated with 
affability and kindness. His punctuality, his exactness in affairs, 
and perfect integrity, made him entirely reliable, while his 
knowledge of science in all the branches that belonged to the 
department qualified him to render eflicient assistance." 

In 1836 he was appointed to the Professorship of Chemistry, 
Mineralogy and Geology in Dartmouth College, at Hanover, 
N. H., retaining that position for thirty years. He resigned the 
work of that chair in 1866, but retained his lectures in the Medi- 
cal School connected with the college until 1883, when he was 
made Professor Emeritus. Professor Hubbard was one of the 
founders of the American Association for the Advancement of 
Science in 1848, and was Secretary, Vice-President and later 
President (1892-93) of the New York Academy of Sciences. He 
was also one of the founders of the Association of American 
Geologists and Naturalists. He was keenly interested in a wide 
range of subjects in chemistry, mineralogy and geology, also in 
geography and in medicine ; this interest remained unabated up 
to the close of his life. Early papers by him, published in this 
Journal (1837) describe the calcareous rocks of Boonville, N. Y., 
with the minerals and bowlders of the same locality ; another 
paper (1838) gives the results of geological observations in the 
White Mountains ; still another (1842) is on a chemical examina- 
tion of the bituminous coal of Chesterfield County, Va. He 
received the degree of M.A. from Yale and Dartmouth, of M.D. 
from South Carolina Medical College and of LL.D from Hamilton 
College. 

Professor Hubbard was married May 17, 1837, to Faith 
Wadsworth, daughter of Prof. Benjamin Silliman ; she died in 
1887. Two children survive him. From 1874 until his death he 
made his home in New York City ; the bright, genial serenity of 
his declining years made him a charming companion to all who 
had the opportunity to meet him. 
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Art. XXXVIII. — On a Method of Studying the Diffvsion 
{Transpiration) of Air through Water, and on a Method of 
Barometry ; by C. Barus. 

1. Small bubbles of air in a mass of liquid gradually 
vanish in the lapse of time, if a very high pressure is per- 
sistently maintained. Air forced into the liquid in accordance 
with Henry's law diffuses into less aerated surroundings, 
becomes dissipated and too far diluted to reappear on removal 
of pressure. The experiment, though interesting, does not 
lend itself to computation. 

I purpose in the following to describe a method of inducing 
the transpiration of air through a wall of water under known 
conditions, seeing that few data on this subject have yet been 
investigated. It is not impossible that from data of this kind 
one may estimate the degree of physical porosity of the liquid ; 
to state, in other words, what fraction of the area of a normal 
interface is permeable, and what fraction impermeable to a 
current of gas. 

The physical laboratory is in possession of a Cartesian diver, 
made by Prof. Blake some years ago. I have been exhibiting 
this yearly since 1895, and as it seems to me, the diver has 
been becoming steadily heavier in this course of years: at 
least, whereas at the outset the diver was usually afloat, it is so 
now only under exceptionally high temperature and low 
barometer. The question therefore occurs whether there is 
any reason for the loss of air in ?' (see figure), if the top of the 
jar is slightly open and in contact with the atmosphere, after 
the diver has been permanently sunk. Clearly such a reason 
does exist, at least (jualitatively, for the air in v is under atmos- 
pheric pressure plus the additional pressure due to the head of 
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water, equal to the height of A. There is thus a continual 
tendency to squeeze out the air from v through the pores of 
the water into the atmosphere, which in the lapse of years 
may very well produce a definite effect. 

Obviously, merely the head of water stated induces diffu- 
sion ; for change of atmospheric pressure is without differen- 
tial effect. Great pressure-excess at v may be secured by 
increasing this head, but the distance through which the 

imprisoned air will have to diffuse 
to escape into the air is correspond- 
ingly lengthened. Pressure-excess 
at V for a given head may be incre- 
mented by virtually making the 
water heavier ; and this may be 
done by putting the jar A into a 
centrifugal machine, in which case 
the transpiration would still take 
place under known conditions. 

2. A method of accurately meas- 
uring the gas in v is next to be 
devised. This is accomplished if a 
sensitive thermometer, T^ and a 
reservoir, jff, joined by rubber tub- 
ing to A for producing a variable 
atmosphere, is added as suggested 
in the figure. For reasons stated 
(diver sunk), the vessel, jff, in the 
following experiments is depressed. 
This is objectionable since there is 
some danger of parting the column 
of water in the rubber tube with 
influx of air if the thermometer, 
* T, is to be moved up and down. 

A floating diver and raised vessel, 
iif, constitute a better disposition. Instead of the divided ves- 
sel, A, y?, a single tube about 6 feet long and a diver usually 
floating at the middle would answer all requirements; but the 
temperature-distribution in so long a tube would be liable to 
introduce serious errors. Finally li is provided with a special 
piece of rubber tubing, 6^, through which pressure increments 
or decrements may be applied temporarily by the mouth. 

Before beginning a series of measurements, suction and 
pressure are applied alternatelv at C^ causing the diver to move 
up and down throughout J[ (T' raised), until the temperature, 
nearly uniform before, has become quite so. Care must be 
taken to avoid violent motion. Thus with a differential sne- 
tion of half an atmosphere, the adiabatic change of tempera- 
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ture in v is, at 20° and one atmosphere, about 3*6°. Even if 
the diver falls quietly to the bottom of the vessel of about a 
foot in height, the temperature-increment is adiabatically -23°. 
Good measurement, on the other hand, requires that the tem- 
perature of V should be known to at least '1° C. R is so 
placed that the diver permanently floats at the top and remains 
permanently sunk at the bottom of A, Very slight suction 
and pressure alternating now suffice to find the level of unstable 
equilibrium. After some practice this adjustment may be 
made within a millimeter. A steel ring slidmg on A (kept in 
vertical position) will indicate this position, so that the head, A, 
may afterwards be read off at pleasure by the cathetometer or 
directly. Immediately after finding the level in question it is 
best to sink the thermometer into the region to get its tem- 
perature. 

The conditions of floatation here involved follow roughly 
from hydrostatics and Boyle's law, viz : 

A+^e^=^^---.;r. — ,- , (1) 

where His the height of the barometer at 0° C, /o^ the normal 
density of mercury, p^ that of the head of water, A. Further- 
more li is the gas constant, ni the mass and t the absolute 
temperature of the gas in -w, M the mass and pg the density of 
the walls of the diver. The temperature in h is taken as the 
same as that of the water in A. Equation (1) is for dry gases ; 
for wet gases j^Y/o^^ is to be added, if p' is the vapor pressure 
of water. 

It will be at once seen that there are grave objections against 
making the float of glass : in such a case the temperature, t, 
cannot be accurately lound, and this is the critically important 
datum. A metal vessel is therefore preferable, in which case 
moreover the value Pic/Pg will be small enough to make the 
coefficient of t in an empirical equation constant. Unfortu- 
nately the level of the inclosed liquid is not at once given. 
The temperature discrepancy also requires the exclusion of 
bulky non-conducting air masses in ^^ Other conditions of 
sensitiveness are obvious. 

If air diffuses out of the apparatus, m/M will decrease ; in 
other words, the coefficient of temperature, ^, in the empiric 
equation 

h + ffP^= A+B{t-2i)\ (2) 

modeled after (1), i. e., B will decrease. J. is a constant and 
observations are taken near 20° C. Now B can be found with 
ease from an even number of measurements by differences, 



\ observed. 


h. 


t 


cm. 0* C. 


cm. 


0^0. 


77-25 


— 76*83 


17-2 


•27 


-67-45 


19-6 


•28 


— 67-45 


21-5 


•24 


-49-75 


22^8 


•21 


— 43^60 


24-1 


•21 


— 37^95 


25-0 


•21 


32-27 


26-2 


•21 


— 24-94 


27-6 
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since at constant H^ it is merely the rate at which h varies 
with t^ the temperature of the air in the float. 

This is the method which I have adopted. It depends for 
its success chiefly on the determination of t^ so that slow work, 
avoiding the thermal effects of adiabatic expansion, is presup- 
posed. After standardizing the vessel it is to be put away to 
be examined in the lapse of years. 

The following data were obtained in the standardization in 
question : 

A. B. H, computed. 

cm. 0" C. 

9R5-4 5-27 77-02 

-26 
•26 
•20 
-25 
•18 
•23 
•24 

The errors encountered in this work are shown by the com- 
parison made of fl. The first datura observed is wrong for 
some special reason, probably the column. A parted. The 
remainder show a fair order of agreement, remembering that 
with a glass float, at a temperature different from that of the 
atmosphere, it is impossible to get the temperature of the air 
in the float accurately by mere waiting. 

3. In spite of the unfavorable conditions of experiment, it 
is interesting to note that the arrangement given is a water 
barometer, which instead of being upwards of 30 feet long, con- 
sists of two ordinary vessels. I have not thought it worth 
while to look up the literature of barometry, but it is hardly 
probable that a device like the above has been left untried. I 
will merely remark that if a barometer is made in this way, 
the metallic float should either be annular so as to encircle the 
thermometer, T^ when observations are made, or the thermom- 
eter should be an integral part of the float. In the above ves- 
sel, for instance, a temperature error of 1° C. corresponds to 
•39^™ of mercury, so that the temperature reading must be 
vouched for to about '025 C, if the barometer is to be correct 
to 1/10 millimeter. A table of double entry, or a chart, would 
then give //for the arguments h and t as shown. 

Brown University, Providence, R. I. 
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Art. XXXIX. — The Separation aiid Determination of Mer- 
cury a^ Mercxiro\i8 Oxalate ; by C. A. Peters. 

[Contributions from the Kent Chemical Laboratory of Yale University— XCIV.] 

It is stated in the literature* that oxalic acid, neutral and 
acid oxalates of the alkalies, precipitate mercurous salts, and 
that oxalic acid and the double oxalates of potassium produce 
no precipitate with mercuric chloride solution. Starting with 
these facts, the attempt was made to estimate mercurous salts : 
volu metrically, by precipitating with ammonium oxalate and 
determining the oxalic acid by potassium permanganate ; and 
gravimetrically by direct weighing of the precipitate. 

The Volumetric Estimation. 

The mercurous nitrate solution used was standardized by the 
battery, and contained about 12 gms. of metallic mercury to 
the liter. To obviate the tendency of the mercury salt to 
break down and form basic saltsf upon the addition of a large 
amount of water if no nitric acid is added, the solution was 
prepared in the following manner. About 20 gms. of mercu- 
rous nitrate were ground in a mortar, transferred to a flask, 
and 200-300^"^* water added. After shaking well, the solu- 
tion was filtered and the filtrate diluted to one liter. Five cm* 
of this solution when precipitated with a sodium chloride 
solution gave a filtrate from which only a very slight darken- 
ing in color could be obtained, even upon several hours 
standing, when treated with hydrogen sulphide, thus showing 
the absence of a mercuric salt. 

A solution made in the above manner had not changed its 
standard after a period of eight weeks. The potassium per- 
manganate solution (approximately — ) was standardized against 

lead oxalate. 

It was first attempted to estimate the mercurous salts as 
follows. The mercurous oxalate was precipitated cold by 
means of ammonium oxalate, stirred well, and allowed to 
settle, the completion of the precipitation being determined 
by addition of more ammonium oxalate. The precipitate was 
collected on asbestos, washed once or twice with cold water, 
and (still in the crucible) treated in a beaker with 5*^'"^ of 
strong hydrochloric acid. To the solution diluted to 100-200^™' 
1 gm. of a manganous salt was added, and the oxalic 
acid was titrated witli permanganate at the ordinary tem- 
perature of the room. The end color was not stable and 
was hard to determine. Tiiree experiments, using 0*1217 of 

♦Rose uod Finkener, Handbuch der Analytischea Chemio, i, 319. 
t Graham Otto, Handbuch, iii, 1102. 
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mercury in form of mercnrous nitrate, gave plus errors of 
0*0011 ^ms., 00017 gms. and 0*0028 gms. respectively, or 1*5 per 
cent. The precipitate when dissolved in sulphuric acid and 
titrated gave no better results. To obviate this difficulty the 
ammonium oxalate solution was matched on the permanganate 
and the oxalic acid in the iiltrate determined. The results 
obtained by tiiis method, given in the following table, are 
quite accurate. 
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jsizcess 
ammonium 












Ilg 




oxalate 


HOI 










taken as 


Ilg 


n 


Sp.gr. 




H,S04 






Hga(N03)a 


found. 


app. ,0 


1-16 


MnCl2.4H,0 


1:1 


Error 




gms. 


gms. 


cm 3 


cm^ 

A 
5- 


gms. 


cm' 


as Hg 


1 


0*1825 


0-1823 


0-90 


•5 




— o-ooo*> 
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0-1217 


0-1218 


0-93 


5- 


-5 


w « « » 


4-0 0001 
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01217 


0-1206 


0-99 


5- 


•5 


• « • • 


0-0011 
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0*1217 


0-1210 
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5- 


-5 


> M M 9 


— 0-0007 


5 


0-3042 


0-3034 


4-97 


5- 


-5 





— 0-OOOS 


6 


0-1217 


0-1220 


0-93 


B 




5 


+ 0-0003 


7 


01217 


0-1211 


0-97 


• w * • 


. • > - 


5 


0-0006 


8 


0-1825 


0-1827 


0-89 J 


• — • w 




5 


4-0-0002 


9 


0-3042 


0-3040 


0-82 


• • « • 


... * 


5 


— 0-0002 


10 


0-1217 


0-1202 


4-10 






5 


— 0-0015 



In the experiments recorded in section A of the table the 
filtrate was titrated in the presence of hydrochloric acid and a 
manganous salt, at a temperature of 20^-40°.* In the experi- 
ments under section E sulphuric acid was added and the solution 
heated in the usual manner. An excess of ammonium oxalate as 
shown in exps. 4, 5 and 10, interferes in no way. 

The separation of mercurous salt from small quantities of 
mercuric salts, by the means of dilute nitric acid, sp. gr. 1-15^ 
was next attempted. It is statedf that mercurous oxalate is 
insoluble in cold dilute nitric acid, while mercuric oxalate is 
more or less soluble in the same reagent. Before attempting 
any separation, however, there are three factors with reference to 
the action of the nitric acid which need to be determined — first, 
the maximum amount of nitric acid that may be present in 
titration of an oxalate without interference ; second, the maxi- 
mum amount of nitric acid that may be present in a precipi- 
tation of mercurous oxalate without having any peixjeptibie 
solvent action upon the same ; and, third, the amount of 
mercuric oxalate which will be held in solution by given 
amounts of nitric acid. 

*Gooch aud Peters, this Journal, vii, 461, 1899. 
f Souchay aod Lensseu, Add. d. Chem., cii, 43. 
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To determine the amount of nitric acid that may be present 

a the titration of an oxalate, 10^™' of — ammonium oxalate 

' 10 

rare titrated with permanganate at a dilution of 100*^"* with 

alphuric acid at 80° C. Tlie event proved that 10"°' of nitric 

cid, sp. gr. 1*15, may be present witnout appearance of inter- 

Bring action. The maximum amount of nitric acid which may 

e present without action upon the mercnrous salt was deter- 

lined as shown in the following experiments. 

Excess of 



Hg 

.ken as 

g«(N03)a 

gms. 


ammonium 

oxalate 

approximately 

To ^^ 


HNO, 

Sp.gr. 1-16 

cm* 


Volume 

at 

precipicatioD 


Hg 

found 

guis. 


Error. 


•1122 


1-64 


10 


100 


0-1087 


— 0-0035 




2-62 
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C( 


01098 


— 0-0024 
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01096 


— 0-0026 
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1-53 
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(( 


0-1109 


— 0-0013 
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0-1134 


+ 0-0012 


1 II 


1-50 
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0-1115 


— 0-0007 
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1-70 


4 


a 


0-1116 


— 0-0006 
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200 


0-1096 


— 0-0036 




6-62 


8 


(( 


0-1111 


-0-0011 




7-72 


8 


u 


0-1108 


— 0-0014 


1 


2-59 


5 


u 


0-1107 


— 00015 


1 0-1010 


2-07 


5 


a 


01003 


—0-0007 



Vorking under the conditions stated in the above table, it is plain 
hat 5*^"" of nitric acid, sp. gr. 1*15, may be used before its solvent 
ction is sufficient to interfere with the accuracy of the process. 
To determine the amount of mercuric salt that would be 
leld lip by 5*^"* of nitric acid, sp. gr. 1'15, the following experi- 
nents were made. 



Hg 




Ammoninm 






iken as 


HNO, 


1 A ^ 




1 


Ig.(NO,), 


Sp.gr. 116 


oxalate — 


Volume 


< 


gms. 


cm' 


cm' in excess 


cm' 


Time before precipitation. 


'■0335 


4 


0-75 


100 


6 hours. 


-0095 


4 


1-00 


100 


No. ppt. 20 hours 


-0143 





6-5 


100 


t( 


• 0238 


5 


1-5 


100 


Slight ppt. 20 hours 


1-0238 


5 


b'b 


100 


25 minutes. 



i'ive cm* of dilute nitric acid (sp. gr. 1-15) will prevent the pre- 
ipitation of small amounts of mercuric salt, 10-20 mgms. 
;alculated as mercury, depending upon the amount of ammo- 
lium oxalate present in excess. This amount of nitric acid 
las no apparent solvent action on a precipitate of mercurous 
oxalate under conditions already stated and does not interfere 
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with the titration of an oxalate by permanganate as already 
shown. 

Carrying out the process of separation of mercurous from 
mercuric salts, the precipitation was made as described for the 
estimation of mercurous salts alone, excepting that nitric acid 
and mercuric salt were added. The experiments in A, B, and 
C, of the accompanying table show the amounts of mercuric 
salt from which the mercurous oxalate may be separated with 
2cra8 ^£ nitric acid. In experiments in section A the results are 
quite accurate, but an excess of ammonium oxalate tends to 
increase the results a little as seen in experiments under B. 
An increase in the amount of mercuric salt present causes also, 
as shown in section C, the results to be a trine high. 



Hg taken 

flS 

Hg,(N03)a 
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f 0-1217 
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D 
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H 
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(( 
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01218 
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Error. 

—0-0015 
+ 0-0003 
-f 0-0001 
+ 0-0007 

— 0-0004 

+ 0-0016 
+ 0018 
+ 0-0021 

+ 0-0013 
+ 0-0015 

+ 0001 

— 0006 

± 0-0000 

— 0-0004 

— 0-0014 

— 0-0003 

+ 0-0045 
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+ 0-0008 
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— 0-0003 

+ 0-0026 
+ 0-0012 

—0-0001 

+ 0-0014 
+ 0-0008 



In experiments D, using 4*^'"* of nitric acid even in the 
presence of an excess of ammonium oxalate, the results are 
accurate. In experiments E the amount of mercurous salt 
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was doubled and the results are accurate. In EE the amount 
of mercuric salt was also doubled and the results are still 
fairly accurate ; but when a large excess of ammonium oxalate 
is present as in experiments F, even with the smaller amount 
of mercuric salt, the results are high. At a dilution of 
2Q0cm3 ^j^g results are normal as seen in experiments G; but 
the introduction of more mercuric salt, as in experiments H, 
causes a plus error. 

Using 5^"** of nitric acid, the larger amount of mercuric salt, 
together with a large excess of ammonium oxalate, as recorded 
in experiments K, the error is raised a trifle ; but with a smaller 
amountof mercurous salt as in experiment I the result is normal. 

In precipitating mercurous salts by ammonium oxalate \t-(\) 

it is an easy matter to keep the excess of the precipitant within 
the limits of 1 or 2*^""", because the mercurous oxalate, when 
properly stirred, settled very rapidly. 

The Gravimetric Estimation. 

All the conditions described above in the volumetric estima- 
tion of mercurous oxalate, for the separation of mercurous 
from mercuric salts, may be applied to the gravimetric estima- 
tion of mercurous oxalate. The precipitate is collected on a 
weighed asbestos filter, washed two or three times with cold 
water and dried over sulphuric acid to a constant weight. 
Amounts of mercurous oxalate equivalent to 0-1217 and 0*224:4 
gins, of metallic mercury dried to a constant weight over sul- 
phuric acid in about 15 hours; a larger amount equivalent to 
0'3 gm. of metallic mercury, required about 2 days to dry to a 
constant weight. Souchay and Lenssen* state tnat mercurous 
oxalate breaks up at 100° ; consequently this temperature can- 
not be used for drying. For example, a precipitate containing 
0'1122 gms. mercury as the oxalate which when brought to a 
constant weight at the ordinary temperature over sulphuric acid 
weighed 0'1371 gms., and was heated and weighed as follows : 

After 7 hours at 110°, weight = 0-1338 gras. 
« 2 " " " 0-132S " 

u 7 " " « 0-1302 " 

The result shows a loss of O-OO^jy gms. for 16 hours heating, 
and agrees with the statement of Souchay and Lenssen. 

The following experiments give the results of the gravi- 
metric work, in which the drying was effected, by exposure for 
15 hours or less, at ordinary temperatures, over sulphuric acid. 
The larger amounts of nitric acid present in the separations 
cause the precipitate to be more granular and aid in the filter- 
ing process. 

* Add., ciii, 308. 
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In section K are experiments showing the accuracy of the 
process where a mercuroussalt is precipitated in the absence of 
a mercuric salt A small amount of mercuric salt was intro- 
duced in experiments L, and an excess of ammonium oxalate 
in experiment M, a still larger amount of mercuric salt was 
present in experiment N, and a larger amount of mercuroiis 
salt in experiments under O. In experiments in section P a 
dilution of 200^™' was employed both with and without an 
excess of ammonium oxalate. All the results are within 
reasonable limits of error. 

The work may be summed up briefly as follows : Mercurous 
nitrate may be estimated volumetrically by precipitating as the 
oxalate and determining the excess of the precipitant with per- 
manganate. 

The precipitated mercurous oxalate may also be estimated 
gravimetricaily by drying it over sulphuric acid and weighing 
directly. 

In solutions containing 2-5 per cent dilute nitric acid, sp.gr. 
1-15, mercurous salts may be separated quantitatively as the 
oxalate from small quantities of mercuric salts. 

If about 0-12 gm. of mercury is present as the nitrate in 
100^°'' of water, about 12 per cent of that amount of mercnry 
as the mercuric salt may be present without interfering with 
the accuracy of the estimation, and even 20 per cent may be 
present before an appreciable rise in the result is apparent. If 
the amount of mercurous salt present is doubled, the amount of 
mercuric salt which may be present is cut down about one-half. 

The author wishes to thank Professor F. A. Gooch for many 
kind suggestions given during the course of this work. 
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Art. XL. — Electrical Resistance of Thin Films Deposited 
by Cathode Discharge ; by A. C. Longden. 

More than twenty years a^o, a method of depositing metal- 
lic films upon glass, by means of electrical discharge in 
exhausted tubes, was devised by Professor A. W. Wright* of 
Yale University. This physicist not only described a method 
of producing the films, but he pointed out the peculiar bril- 
liancy of their mirror surfaces and their colors by transmitted 
light. He also noted the rate of deposition of the diflEerent 
metals, and suggested that as aluminum and magnesium were 
deposited very slowly, these metals should be used as elec- 
trodes in vacuum tubes, in order to prevent the discoloration 
of the ^lass in the neighborhood of the cathode, which was so 
common when platinum electrodes were employed. 

During the past two j^ears I have been investigating the 
electrical resistance of thin films deposited by a modification 
of Professor Wright's process. 

Quite early in this investigation it was observed that very 
thin films have enormously high electrical resistance, — very 
much higher, as compared with thicker films of the same kind, 
than their thickness would seem to indicate. It was also 
observed that, in many cases, temperature changes did not pro- 
duce such variations in electrical resistance as are common in 
ordinary wire resistances. 

As early as April 30, 1898, careful measurements of the 
resistance of a particular platinum film at different tempera- 
tures, revealed the fact that its temperature-coefticient was 
negative, its value being ~0*00013. Numerous measurements 
which have been made since that time, fully warrant the state- 
ment that all very thin films have negative temperature-coeffi- 
cients, and that films within a certain range of thickness have 
zero or negligible temperature-coefficients. 

A peculiar relation is found to exist between the magnitude 
of the temperature-coefficient of a film resistance, and the 
process of artificial ageing. If a film be placed in a bath of 
melted paraffin or hot oil, and measured while in the bath, its 
resistance is usually found to change quite rapidly at first, and 
then gradually less rapidly for a considerable length of time. 
If the first rapid change is an increase^ a maximum is soon 
reached, and then follows a gradual and long continued 
decrease. In such a case, the temperature-coefficient is positive. 
If, however, the first change is a decrease^ the later and more 
gradual change is an increase. In such a case as this, the 

♦This Journal, vol. xiii, pp. 49-55, 1877. Ibid., vol. xiv, pp. 169-178. 



408 Longden — Electrical Resistance of Thin Films 

temperature-coefficient is negative. If the resistance does not 
change at first, it will not change at all. In such a case the 
temperature-coefficient is of course zero. A small temperature- 
coefficient is therefore desirable, not only for its own sake, but 
because a film resistance having a small temperature-coefficient 
does not require much artificial ageing ; and because such a 
resistance is exceedingly reliable after the ageing process is 
finished. 

Film resistances, after artificial ageing, should be protected 
from the atmosphere. The necessary protection may be 
afforded in any one of a variety of ways. The film may be 
sealed in a vacuum tube, it may be embedded in paraffin, or it 
may be coated with a varnish prepared by dissolving india- 
rubber in carbon disulphide. 

In the early part of this investigation, the electrical contacts 
between the films and their terminal wires gave iio small 
amount of trouble. Clamped contacts were unsatisfactory, 
both on account of the delicacy of some of the very thin films, 
and on account of the tendency of the oil or paraffin to force 
its way into the joints during the process of artificial ageing. 

To overcome these difficulties, several methods of makmg 
electrical connections were devised. The one which was most 
used, consisted in depositing very thick films of negligible 
resistance upon the ends of the thin resistance films. Terminal 
wires were then wound on, and the joints between the wires 
and the thick ends of the films were permanently secured bj 
the electrolytic deposition of copper and silver upon them. 

These resistances, when properly prepared, are not to be 
classed with carbon resistances, but may be regarded as stand- 
ards of a very high degree of accuracy. They may have any 
desired value, from a few ohms up to several megohms. They 
may be made of pure metals and thus be free from the daiio^er 
of disintegration which is so common in alloys; and the metals 
chosen may be such as are least affected by external influences. 
In addition to these valued qualities as pure metals, they pos- 
sess the only advantages of alloys, namely, high resistance and 
low temperature-coefficients. After suitable artificial ageing 
and subsequent protection from the atmosphere, they may be 
regarded as perfectly trustworthy standards. 

It is important, however, that the artificial ageing process 
should be thorough. Otherwise the gradual change in resist- 
ance which the films are undergoing may continue for several 
months. 

I append a few records for the purpose of presenting the 
results of perfect and imperfect artificial ageing. The results 
given in the successive columns of the table are for measure- 
ments made at intervals of about a month. They are for 
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measurements either made at the same temperature, or reduced 
to the same temperature; the temperature-coefficients of the 
several films having been •carefully determined. 

These records are exhibited in three classes. In class C, 
where the films were imperfectly aged, the variations during 
the first month amounted to several per cent, and even during 
the third month were as much as two- or three-tenths of one 




2265-8 
37586- 

384-00 
9999-6 
15722- 
23335- 
165200- 

84167- 

656030- 

4690000* 



Resistances 

2265-7 
37585- 

383-72 
9992-5 
15697- 
23680- 
167680- 

83710- 

653600- 

5008000- 



in ohms. 
2265-8 
37588- 

383-16 
9990-3 
15685- 
23765- 
167880- 

83431- 

661620- 

5070000- 



2265-8 
37586- 

382-92 
9989-4 
15681- 
23774- 
167930- 

83178- 

650110- 

6080000- 



per cent. In class B, more perfectly aged, the variations dur- 
ing the third month were only a few hundredths of one per 
cent ; while in class A, if the resistances changed at all during 
the three months, the changes were so small as to be within 
the range of errors of observation. 

Physical Laboratory of Columbia University, 

April 18, 1900. 
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Art. XLl. — On a new Meteorite from Oakley^ Logan County, 

Kansas ; by H. L. Preston. 

The aerolite described in this paper was found fifteen miles 
southwest of Oakley, Logan County, Kansas, bv Chas. Hicks, 
in the spring of 1895. He discovered it at a depth of about 
three feet below the surface, while ploughing on his farm. 

Mr. Hicks states that it fell on Feb. 20th, 1894, about 11 p. m. 
and seemed to come from the N.E. It did not appear to 
burst before striking the earth, and, as stated above, was found 
by him the following spring. As to the date of fall of this 
meteorite Mr. Hicks is certainly mistaken, as will be shown 
later on. The mass passed from Mr. Hicks into the hands of 
Prof. G. H. Failyer of Manhattan, Kansas, from whom Prof. 
H. A. Ward of Chicago purchased it in December of 1899. 

Its weight, when received by Prof. Ward, was 61 lbs. 10 oz. 
and was 7^^X10x12 in. its greatest diameters. One side of the 
mass was covered entirely with the original crust, a large por- 
tion of it being of a dull black color, interspersed with numer- 
ous patches of yellowish brown rust spots, due to the oxidation 
of the iron. The opposite face showed the interior of the 
mass, a large flake, covering nearly three-quarters of the sur- 
face, having been broken off evidently at the time the mass 
struck the earth, as the surface was much oxidized and had the 
appearance of a very old break. Again, two-thirds of the 
edges were chipped, showing old fractures ; while a large 
portion of the face showing crust, with several of the fractured 
surfaces on the edges, were coated with a very thick deposit of 
carbonate of lime. This could not have been deposited during the 
time that elapsed between the date of the fall, as given by Mr. 
Hicks, and the time it was found by him ; on the contrary, it 
must have lain in the position where found a very long pe^od 
of time in order to become thus thickly coated by the lime. 

The larger surface of the mass showing crust is very smooth, 
entirely free from the customary pittings, except on one edge, 
of a thickness of 7^ inches where large prominent and charac- 
teristic pittings are present. 

On slicing the meteorite we find that the groundmass is 
compact, and grayish black in color, more or less spotted with 
much darker filotches or streaks, and abundantly necked with 
bright iron grains. The largest of these observed was 6°" in 
diameter; in the center of it is a small troilite nodule 1°" in 
diameter. On the polished surfaces numerous grains of troilite 
are visible which form a strong contrast by their bronze-yellow 
color to the white nickeliferous iron. 
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The sections have also numerous fissures extending across 
their surfaces, following somewhat the rounded outline of the 
exterior of the sections. These fissures were probably caused 
by the contact with the earth's crust at the time of its fall. 

By carefully powdering and re powdering 18 grams of this 
stone, and separating the iron from the silicates by a magnet, 
we found the ratio of the metallic part to the silicates as 
follows : 

Metallicpart ] 5l + Co :!: Tcs 

14-44 
Silicates 85-56 



ICOOO 

An analysis of the metallic part by Mr. J. M. Davison of 
Reynolds Laboratory gave 

Fe 89-16 

Ni 10-84 



100-00 
Specific gravity, 3-7. 

Dr. Geo. P. Merrill of the U. S. National Museum, to whom 
I sent a few fragments of this stone, kindly made sections of 
some and examined them for me. "He found that the stone 
belongs to the chondritic olivine-enstatite type, though the 
chondritic structure to the unaided eye is somewhat obscure, 
well defined, spherical chondrules being few and widely scat- 
tered. In general appearance it closely resembles the Pipe 
Creek, Bandera County, Texas, aerolite, but is of finer grain. 
Under the microscope it presents no features not common to 
aerolites of this class — olivine and enstatite chondrules imbedded 
in a very irregularly granular groundmass of the same mate- 
rials, with numerous particles of metallic iron and iron sul- 
phides. The chondrules present the characteristic barred (or 
grate) and fan-shaped structures, and are often themselves 
fragmental. The structure is on the whole very obscure, and 
more closely resembles that of Pipe Creek, as above mentioned, 
than any other of which we have slides. No silicate, other 
than olivine and enstatite, could be determined in the slides, 
but the solution obtained by digesting the powdered stone in 
dilute hydrochloric acid contained a trace of lime and alumina, 
suggesting the presence of a lime or a lime soda feldspar." 

The stone would thus belong to the Meunier type 34, 
Erxl6b6nite. 

Its nearest prominent geographical point being Oakley. It will 
be designated as the Oakley meteorite (Logan County, Kansas). 
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The eleven following meteorites have been reported from 
Kansas. 

Tonganoxie 11 "5 kilograms 

Brenham (a number of pieces) over 900 " 

Farmington (2 stones) 84 " 

Ottawa 876 grams 

Waconda 26 kilograms 

Oakley 2T-9 *' 

Ness County (17 stones) 10*9 '• 

Kausada 92 " 

Jerome (2 stones) 31*4 " 

Prairie Dog Creek 2-9 " 

Long Island (a number of pieces) . 634*6 " 

The first on the list is a siderite, the second a siderolite, 
while the balance are aerolites. Of the nine aerolites but two, 
the Farmington and Ottawa, were seen to fall. Of the remain- 
ing seven we have no data whatever, even as to rumor, of the 
date of their fall ; six of these, omitting the "Waconda, are evi- 
dently remnants of a very old fall. 

It seems that it is more than probable that five of these are 
representatives of the same fall. Starting with Ness County, 
of which seventeen stones have been found within a few miles 
to the S.E. and S.W. of Ness City, we have the Kansada 
found 17 miles N.W. of Ness City, the Jerome 39 miles N.W. 
of Ness City, the Prairie Dog Creek 88 miles N.N.W. of Ness 
City, and the Long Island 107 miles N.N.E. of Ness City. 

We have thus a parallelogram 35 by 117 miles in diameter 
extending in a northeasterly direction, covering the area of 
these five finds. 

They are all, as far ac they have been cut, oxidized entirely 
throughout the mass, leaving the groundmass of a dark yel- 
lowish brown color, with but small patches of the original 
gray color of the silicates remaining. The crust in each easels 
much weathered and oxidized, and on portions of each find has 
been coated with varying thicknesses of the carbonate of lime. 

The structure of each is chondritic, and macroscopically at 
least is very similar in other respects. 

This statement cannot however be verified unless each of 
these five finds were analyzed by precisely the same method, 
and numerous sections from each made and studied under the 
microscope by the same petrologist. 

It seems likely, therefore, that within this area we may 
expect that other stones bearing a close resemblance to these 
five will be found. 

The remaining four aerolites are however entirely distinct in 
their character, and undoubtedly have no connection whatever 
with the unknown fall of the above five. 
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Art. XLII. — Some Observations on Certain WellrMarked 
Stages in the Evolution of the Testudinate Humerus ; by 
G. K. Wieland. 

The study of the morphology and development of an 
important skeletal part throughout an order must, as knowl- 
edge increases, throw much light on the evolution of the order 
itself. How far in the definite case here presented, the Testu- 
dinate humerus reflects the evolution of the Testudinata is a 
diflScult question to answer even in general terms and as yet 
impossible to deal with finally. Nevertheless its present con- 
sideration, as based upon the fundamental principles of evolu- 
tion, makes possible a clearer discernment of some valuable 
data. 

Obviously if we select a specialized organ in a specialized 
group we may expect that the factors which have been potent 
m moulding it will have been on the one hand restricted in 
their action and on the other more strongly thrown into relief. 
Such an example is the Testudinate humerus, presenting also 
many advantages of study. For there is in the turtles to a 
degree scarcely approached in any other order a graduated 
change in habitat from dry deserts to the ocean, with varied 
feeding habits, as well as a wide distribution of both living 
and extinct forms in latitude and time. 

The two great groups of existing Testudinates, the land and 
the marine, the clawed and the flippered forms, each possess a 
characteristic humerus which can never be mistaken the one 
for the other. But if various intervening fossil types chiefly 
of Mesozoic age be considered, it at once becomes evident that 
there has been a steady and well-illustrated transition from 
whatever was the original form toward the humerus seen in 
the most highly specialized land turtles in the one direction, 
and toward that of the most highly specialized or older sea 
turtles in the other. That is, a series may be discerned with 
well-marked stages easily graduating into each other, at the 
one end of which stands the humeral form seen in various 
genera of the Testudinidce, and at the other that of Dermochelys, 
which is either a very ancient, or else the most highly special- 
ized marine turtle known. 

Of these stages the attempt is here made to point out and 
describe six. In doing so it should perhaps be stated at the 
outset that while variations in humeral outline can scarcely be 
conceived of except as being chiefly adaptive in character, 
being so intimately connected with habitat, it will be seen that 

Am. Jour. Sci. — Fourth Series, Vol. IX, No. 54.— June, 1900. 
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?[iiite constantly when dealing with well marked intervals in 
orm there are accompanying generic or family variations. 
This is indeed so persistently the fact thzt presence of humeral 
differences must generally be regarded as of distinct diagnostic 
value, though absence of such may be simply non-determinative. 
In the descriptions and notes which follow I shall term the 
most specialized land humerus as J!?aracA^Z^^, and the general- 
ized land and freshwater type as chelic. It will be seen that 
there is in general a corresponding humeral distinction between 
the more specialized and the more generalized land turtles. 

Certain Mesozoic turtles regarded as transitional brackish or 
salt-water forms have intermediate humeri which may be 
described as chelicoid and thoLassoid^ the former resembling 
more nearly land, the latter oceanic outlines. Finally, the 
strictly oceanic and the ultra or specialized oceanic humeri will 
be respectively spoken of as thaldssic and parathalassic,* Here 
also there is a certain corresponding general development. 

77ie land forms (Parachelic and Chelic). 

The parachelic humerus is in general that of short-clawed 
dry land tortoises, most of the genera of which are rather 
recent in geological time, and have probably been derived from 
longer clawed ancestors of more aquatic habit. This humerus 
is seen in such genera as Testudo and Cinyxis, Its strongly 
sigmoidal outline in the dorso-ventral plane with the proximal 
end upturned and the distal depressed, the reverse of the 
condition seen in the humerus of running mammals, at once 
strikes the eye. But with reference to other reptilia a most 
important feature is the closely proximal position of the radial 
crest or analogue of the deltoid crest. The ectepicondylar 
foramen or groove is distinctly ectal, diminutive, and situated 
well back from the distal end. There is never a very promi- 
nent ulnar crest or broad and rounded distal extremity as in 
Chdydra, Instead the distal articular surface forms a roller as 
in the Lacertilia^ this being the most important distinguishing 
feature. (See fig. 12, introduced to show this point as well as 
the general correspondence of parts in the Lacertilia and the 
Testudinata, the same notation having been used for this pur- 
pose.) 

It may be noted that there is correlated with this form of 
turtle humerus a tendency to form broad short heavy claws, 

* As will be noted, the first three of these adjectives has been derived from the 
Greek xv^v^ chele, hoof, claw, — that is humeri beariDpr clawed feet. It has been 
thought preferable to derive the second three from JTiaUuaa^ the sea, — a habitat 
in which claws are lost, rather than from nrtpv^^ pteryx, winK} used once by 
Nicander for the fiipper of a turtle. Some might hold it better to derive tiie 
entire series from habitat. 
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the first step towards an nngDlate type of foot. As seen in 
the accompanying figs. 1-4, the present is a plastic type of 
hamerns which may be well marked in the case of forms only 
specifically distinct. The humerus of the senile genus Mio- 
lania Owen (15, 22) would probably fall within \hQ parachelic 
series. Testudo polyphemua — with a complex as opposed to a 
simple carpus, and an innominate pelvis — affords a good 
example oi the distal grooving and other modifications here 
emphasized. 






Paraehelic humeri of Galapagos Islands tortoises. Outlined from Giinther (9).* 

FioURES 1 and 4. — Tesiudo ekphantopus Harlan, — ventral and dorsal view. 

FioUBES 2 and 3. — Teatudo ephippium Gunther,f — ventral and dorsal view. 

a, head; b, radial crest; c, ulnar crest; d, ectepicondyle ; e, ectepi- 
condjlar foramen (or groove); /j ectocondyle; y, entocondyle. 
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The CAelie humerus. — The fundamental difference between 
the second or chelic type of humerus and the preceding con- 
sists in the straightening of the distal extremity into a simple 
rounded end bearing the articular cartilage, without develop- 
ment into a grooved articular surface. The ulnar crest may be 
more prominent, and the ectepicondylar foramen oftener seen 
as a groove more distal in position, but always near the outer 
edge. 

Most distinctly clawed Testudinates tave this form of 
humerus, and as these range from land and freshwater to web- 
toed and partly brackish water species, distinct variations, such 
as increase or decrease in the angle between and size of the 
ulnar and radial crests, may be expected, and are present. 

* Nos. in parentheses refer to list of references page 423. 
t Dr. Baur has proposed to call this tortoise Testi^ Abingdonii (3), hut Roths- 
child (16) and Gunther (11) have shown that T. ephippium is to be retained. 
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Though the uniformity with which this humerus ranges 
through many genera of the Cryptodira^ Pleurodira^ and 
Trionychia^ render it as yet of little value to the paleontol- 
ogist, excepting the Chelydran variation here included, 
although somewliat aberrant and suggestive of natatorial types. 
Examples of chelic humeri are seen in the genera JEmtjs, 
Chdoptis, Trionyx, Podoonemis^ Chelydra^ Chelys^ and others. 
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Dorsal yiews of right humeri showing descent of radial process as noted bj 
Dollo (8). Lettering as in figure 1. 

Figure 5. — Chelydra serpentina. 

FiODBE 6. — Lytoloma crassicostatum Owen (Lower Landenien (Lower Eocene) of 

Erquellines). 
Figure 7. — Chelone mydas L 

Figure S.^Protoatega gigas Cope, x about |. (Niobrara Cretaceous.) 
FiocRES 5-7 are outlined from Dollo (8), figure 8 from Cope (6). — Figure 5 is 

regarded as Chelic^ 6 Thalassoid, and 7 and 8 as Thalassic. 

The transitional Water-types of the Mesozoic, 

The Chelicoid Form. — General osteological characters in 
addition to position in time have led to the belief that the 
straighter shafts noticed in certain Jurassic turtles such as 
Acichelys^ are those of primitive oceanic Chelonia. As these 
humeri yet bear a distinct resemblance to the land forms they 
may be described as chelicoid. They are characterized by an 
imperfectly developed head, a straightening of the shaft and 
small ulnar and radial processes, the latter being placed on the 
level of the head. Examples are seen in the AcicheVyidm (14) 
of the Wealden and Kimmeridge; also in the more chelic 
humerus of Acichelys (Eurysternum) Wagleri (22), which has 
the lateral proximal crests small, but the articular head rela- 
tively large with some straightening of the shaft. 

It is to be noted that these intermediate forms are the most 
difficult to place, and that between them and the following 
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aite distinct early marine, or thalaasoid bnmeruB there is no 
ery well defined boundary. However, if all the forma were 
nowD there wonld be no liiatne at any point, especially since 
; wonld then be possible to determine oSehoote from the main 
oe of descent. 

The ThalasBoid Humerus. — The second transitional form 
iclades humeri of turtles which had probably become wholly 
larine in habit, but retained certain features of their semi- 
larine ancestors with obelicoid humeri. The conversion into 
ae generalized marine form is however completed by the vari- 
tions seen in this linmerus. The drop of the radial crest so 
trongly marked in succeeding marine turtles begins, while the 
ngle between this crest and the ulnar crest tends to disappear, 
tie latter becoming very prominent in an ccto-enteral plane. 
;f. figs. 6, 9, and 10, also 5-8 in text. 




ThaltMold snci thalassic turtle humeri ynwn iizaru humerus compared with 
garea 1-4). Lelteriag as \a figure 1. 

loCBBS 9 and 10, — Nephinochelj/i (Prolostega) (ufitriwa, x J. From Cretaceous 
□ear Columbus, Mississippi, outliaed trom Leidj (12). See note p. 413. 
lonHB 11. — Thalasaodielys caretta. Left outer view. 
laDBB 12. — ncliiderma susprcliim Cope. Riglit dorsal view. 

The humerus of Lytoloma, which has been made the subject 
f a suggestive paper by Dollo (8), may be cited. He holds 
his form to be essentially *' cAe^yi/roiV/," a view which is in 
he main concurred in here. For convenience in the present 
Jassifi cation, the term thalassoid may as well be used, the 
esemblance to the humerus of the Okeloniiiloi being fully as 
trong. It should be borne in mind that the chelicmd humeri 
if the Acichelyidw intervene, so far as may now be judged. 
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between such forms as Lytoloina and Toxochdya on the mariDe 
side, and tlie humerns of Chelydra^ a chelic or land form modi- 
fied as has been previously noted, in the direction of natatorial 
types. It is of course possible that theflippered Cryptodira 
represent several lines of descent from land forms, each having 
distinct, but in the main, parallel characters. 

Another very distinct thalasaoid form which may well be 
mentioned here is the "turtle-like humerus" from the Cre- 
taceous near Columbus, Mississippi, figured by Leidy and at 
first referred by him to the Moaaaauria (12).* As will be 
seen on comparing figs. 6, 9, and 10, this fossil presents 
decided approximations to Lytoloraa^ there being however dis- 
tally more suggestion of distinctly oceanic types. 

The humerus of Toxochelya latiremia figured by Case (4) is 
a suggestive thaldaaoid form characteristic of the older Che- 
loniidcB and closely nearing typical oceanic outlines. 

With regard to these two transitional forms, the chelicoid 
and thaldaaoid^ it may be said that they fairly bridge over the 
fundamental differences between the humeri of the existing 
marine and land Teatudinata. The number of complete skele- 
tons is as yet so meager that the facts can only be presented in 
a general way. 

Turtle humeri of intermediate type are common in the Cre- 
taceous of New Jersey, but there is a dearth of knowledge con- 
cerning the forms to which they belong, the collections 
consistmg as yet mainly in hopeless fragments gathered from 
the surface by untrained collectors, whose efforts usually result 
in the destruction of the clues to completer specimens. 

Ihs TypiccU Oceanic^ or Thalaaaic and Parathalaaaic Humeri, 

The thalaaaic, or form of humerus seen in the living Che- 
loniidcBy is a widely distributed one and may be considered as 
the true or generalized ocean type. Variations of this form 
are seen in the ProtoategidoB of Cope (6), and the Deamaio- 
chelyidcB of Williston (19, 20). Cf. figs. 13, 17, 19, and 22 in 
the present text. 

* Leidy has explained in an interesting manner how at a time when the limbe 
of the Mosasaurs were yet unknown, hoth Cope and himself, as well as Agassis, 
had mistakenly concurred in a belief in the Mosasauran character of this fossil 
(13). Cope was. however, the first to refer to its Testudinate nature under the 
name Protostega tuberosa (6). While the type specimen has not been seen by the 
writer, there is no suggestion that this lyimerus is not Testudinate and natatorial 
in character. Baur has said that it cannot belong to the Chehniida (2). Neither 
can it belong to Cope's Protosiegidot, nor to Agassiz's genus ^^an/i)c^/^ as finally 
proposed by Leidy (13). Cf. figs. 14-16 and 9 and 10 in tezL This humerus 
lacks at the present time a generic name. Necessarily retaining Cope's species, I 
shall call the turtle to which it belongs Nepiunochelys tuberosa. 
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As coropared with the preceding or thalasaoid form the chief 
variation is Been in the dietal retreat oftbe radial process. No 
distinct approximations to any of the land forms remain. The 
entire development is in an ecto-enteral plane. The strong 
dorso-ventral sigmoid carve, and sharp angle between the 
radial and nlnar crests as seen in the paraekdic and ckdic 
forms has disappeared. 

This type scarcely shows as nincb constancy of form as the 
generalized land humeras, bnt is yet sufficiently uniform to 
raise any fairly well marked differences to generic valne. 

Variations of this humeros may very well be illustrated by 
mentioning certain fossil forms. Of primary interest is the 




Fossil Thalaaaic humeri of oearl; related genera derived more directly [rom the 
OtdUumid form. Cf. figs. 6, 9 and 1 0. 
FiauBE 13. — DttmatoehtlyB LowH Williatou, { natural aise. From Fort Beotoii 

Gretaceoua. Outlicad from Williaton (20). 
FieirBBS 14~16. — AUanlochtlyg Martonii dKaaaiz, x about ^. From the Greea 
aaod of Burlington Count/, Sew Jeriey. Outlioed from Leidy (12). 

historic AUantochelys Morlonii Agaesiz described in 1849 (1). 
Subsequently Lcidy referred this fossil humerus, together with 
that of Neptunochelys (Protostega) tuberoaa mentioned above, 
to the Mosaaauria (12). Later Cope referred it to Frotoatega 
(6). Finally it was validly rehabilitated by Leidy (13). The 
strongest resemblance of this important form, not before 

Einted out I believe, is to Deamatochelys Zowtt WilJiBton ■ 
), 21), the main skeletal characters of which are fortunately 
own. The resemblance is sufHciently close to suggest allied 
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f^enera. Cf. fige. 13 and 14-16. A complete ekeletoa of ' 

Ailanioahelya should be diligently sought for. 

The aignifieance of 8uch variations as may be present in 
tkalassie hn«ieri is shown by the weil known I*rot08tega gigai 
Cope from the Niobrara Cretaceous of Kansas, and the more 
recently discovered Archelon inohyros (mibi, 17-19) from the 
overlying Fort Pierre formation of South Dakota. Both these 
humeri are illustrated in tigs. 8 and 17-19 in test. 

While the head and ulnar crest are quite similar in both 
forms, in A. ischyroa there is a minor development of the 
radial crest, with a more ental position of the deep ectepicoo- 
dylar groove. Or conversely it may be said that there ie a 
major development of the ectepicondylar region, obscuring the 




A prominent eiRmpIo oE generic VHriation m tbatasalc humeri approachinf! tbt 
parBthalassic Xjj^e. Cf. Sgures 20 and 21. Lelterii^ as ia Sgure 1. 
FiGLTiES n BDri 18, — Archilon iachyros Wielnnd, from the Fort Pierre Cretaceous. 

Left outer aod inner view respecUrely, x about ■^. 
FiouBB 19. — Pmloskj/a gigai Cope from the Niobrara Crataceoui. Left iniitr 
view X about ^. Oiitlioed from Case (6). 

ala-like projection of the radial process as seen in Protoatega, 
and leaving the ectepicondylar groove in a more mesial poa- 
tion. Such a difference is fundamental in the thalassan forms, 
and the probability that it will be accompanied by marked 
cranial and other variations is very great. This instance is all 
the more important because of the direct descent of A. iachyra 
from _P. giga« (19). 

. The Parathalaasic Ilnmerua. — The final humeral type to be 
mentioned is the parathalaaaic seen only in a single living 
example, the most aberrant of sea turtles, Dermochelya. In 
this humerus dorso-ventral curvature of the shaft has wholly 
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disappeared, and there ie an extreme retreat of the radial 
process. The ectepicondylar groove of the tAalassic hnmerns 
18 here deepened into a foramen, it being wholly probable that 
this change has been correlated with the retreat of the radial 
crest in this and preceding forms. It will be noticed that the 
hameri of J^roioaiega and Arckelon are not placed in the same 
class with this form. There are only vague resemblances with 
great differences. The pecnliarities of ihe parathalassic form 
may be accentnated by mentioning a most interesting Pliocene 
example seen in Psephophorus acaldi, a tnrtle which like Der- 
mochelys is provided with an external dorsal and ventral bony 
armor (14). In figs. 20 and 21 it will be noted that anteriorly 
the radial process of Psephophorus is very prominent, while 




TiewB of left liumen showing mtermedtate or IhaUusic posilioo oF the radial 
crest and ectepicocdjiar foramea (groove) la fiKu^ea 22 and 23, and the extreme 
at parathaloMic poeition in figures 2L> and 21 Letters aa in Sguro 1. 
FlQuRB 20 — Paephophoryia seoldi From Pliocene of BolKium. Left ventral 

view X about j. Outlined from Dollo. 
FlOUBK 21. — Dtrmochtlya coriocea. Recent, Left VBQtral view x \. 
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its ventral extension is either disappearing or lacks the strong 
development seen in Der mochelys, only two isolated areas for 
ligamental attachment being present. Chelonian paleontology 
awaits complete knowledge of no more interesting forms than 
the several leas known species of Psephophorus. 
ConchisioH. 
Whenever it becomes possible to compare an entire series of 
Testudinate humeri and tabulate the resnlts, definite aflirma- 
tion or negation of causes of development and means of adapta- 
tion may oe expected. At present only general conclusions 
can be reached, and these be hnt briefly stated. 
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As a modification of mechanical change the instance of 
responsive variation afforded by the peculiar curvature of the 
humerus to conform to the presence of the carapace and plas- 
tron is impressive. The external armature once developed, 
the humerus seems to have continuously accommodated itself 
to it during all the secondary changes subsequently undergone. 

Much interest too centers in the transitional forms. That 
the gap between the chdic and thdldsaic humeri must neces- 
sarily have been bridged over by primitive straighter shafts 
cannot be directly aflSrmed, however strong such an inference 
at present. For other swimming reptiles with straight humeri 
scarcely furnish an explanatory analogy. Such nave lithe 
instead of rigid bodies and are provided either with a caudal 
fin or a powerful swimming tail. There are, however, salient 
facts bearing on this point. 

Those turtles which inhabit dry and especially rocky locali- 
ties present the most specialized land humerus, while species 
of intermediate habits like Chdopxis are marked by the gen- 
eralized type of land humerus. In passing however from such 
to the more and more aquatic turtles there is an increasing 
freedom of leg movement. Footings, or the fulcra of loco- 
motion^ as used by the animal become more and more equally 
distributed about the body and undoubtedly furnish a sufficient 
explanation for humeral straightening in the transitional forms, 
and the fundamental difference in curvature between the 
humeri of the existing slow-moving land and swift-moving 
marine turtles. 

Once having entered salt water, a new course of evolution 
began. The early transitional Testudinates so far as the fossil 
record indicates were mainly of inconspicuous size. They 
were yet to undergo development into large and powerful 
more or less predatory forms invading the nigh seas. That 
such an evolution required a constantly increasing differentia- 
tion in humeral outline and musculature, is evident. Small 
creatures of varied feeding habits living in quiet waters, taken 
together with the fierce turtles of the Cretaceous seas and the 
huge predaceous Dermochelt/s sweeping the ocean and baffling 
with its currents and storms, suggest the utmost variation in 
humeral impacts, stresses, and strains. 

The only basis for variant or perfecting leg power is a 
variant or perfecting musculature, and the only support of this 
correlated skeletal modification. The nature as well as the 
extent of such modification in the Testudinata will be still 
better understood after a comparative study of the humeral 
myology of the order. It is quite obvious at least that the 
humerus furnishes as readily distinguishable and as important 
characters as the carpus. 
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-On the Chemical Compositio 
by S. L. Penfield. 



of Sulphohatiie / 



The rare species Bulphohalite was first described in 1888 by 
W. E. Hidden and J. B. Mackratosh* as a mineral of unnsaal 
compoeitioD, a double sulphate aud cliloride of sodium corre- 
sponding to the formala 3Na,SO,,2NaCl. It was found asso- 
ciated with the then recently discovered hanksite, at the 
famone Borax Lake locality, San Bernardino County, Califor- 
nia. It crystallizes in rhombic dodecahedrons, belonging to 
the Isometric system and measuring at times over 30°"" in 
diameter. According to information received from Mr. 
Hidden, only a few specimens of the mineral were found. 
Two of these are in tne collection of Mr. C. S. Bcment of 




Philadelphia, and one in the British Museum, while the type 
specimen from which material for the original analysis oy 
Mackintosh was obtained, was retained by Mr. Hidden. This 
latter specimen lias been generously presented to tlie writer, 
with the understanding that part of it should be used for a 
new analysis and the remainder deposited in the Brush Collec- 
tion of the Sheffield Scientific School. 

Figs. 1 and 2 represent the two specimens in the Bement 
Collection, natural size. The one represented by fig. 1 is a 
rhombic dodecahedron of ahnost ideal development, slightly 

f'ellowish in its tone of color, and nearly transparent. A very 
ittle gangue, chiefly hanksite, and a few small crystals of sul- 
phohalite are the only things attached to this superb crystal, 
^ThU Jouroal, III, vol. iiivi, p. 463. 
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and the specimen can be so held that only small portions of 
these are visible. The second specimen, fig. 2, consists of a 
group of three large and a few small hanksite crystals upon 
which a number of sulphohalite dodecahedrons have grown. 
The figure is merely a sketch, hence it is not to be considered 
as an exact crystal drawing ; however, pains have been taken 
to represent tne crystals in their proper size and proportions, 
and, for the sake of distinctness, the hanksite crystals have 
been stippled. All of the sulphohalite crystals are distributed 
on one side of this specimen only. 

The writer's attention was directed to the desirability of 
reinvestigating this species by the following circumstances: 
In January of the previous year, a letter was received from 
Prof. A. ae Schulten of the University of Helsingfors, Fin- 
land, stating that he had repeatedly attempted to reproduce 
sulphohalite artificially, but always obtained sodium chloride 
and sodium sulphate, crystallizing respectively as halite and 
thenardite. As ne was unable to obtain specimens of sulpho- 
halite from mineral dealers, he appealed to the writer to make 
if possible a new analysis of the mineral, and, if this should 
conform to the composition as given by Mackintosh, he 
expressed his determination to proceed with his endeavors to 
make the mineral by artificial means. A short time previous, 
in an article entitled ^^ Die BilduTigsverhdlt/nisae der ocean- 
ischen Salzablagerungen^^ by J. H. van't Hoff and A. P. 
Saunders,* reviewed in this Journal,t the probable non-exist- 
ence of sulphohalite had been set forth. This decision was 
based chiefly upon the failure of these investigators to obtain 
by artificial means a double sulphate and chloride of sodium 
corresponding to the composition as given by Mackintosh, 
their experiments, like those of de Schulten, yielding crystals 
of halite and thenardite. They furthermore endeavored to 
secure sulphohalite specimens from dealers, and two that were 
sent to them proved upon examination to be simply halite. 
Lastly, a request came from Mr. Hidden that the writer should 
make a new analysis of sulphohalite, for the purpose of defi- 
nitely establishing the identity of the species and its chemical 
composition, and the request was accompanied by the gift of 
the precious material. 

Tne material submitted for examination was part of a rhom- 
bic dodecahedron which must have originally measured about 
SO""" in diameter. To it were attached several small prismatic 
crystals of hanksite. The sulphohalite material was clear, 
transparent, and homogeneous, and when tested with the polar- 

♦ Sitzungsberichte der K. Akad., Berlin, 1898, vol. i, p. 38T. 
tVol. iv, p. 611, 1898. 
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izinff microscope it was fonnd to be isotropic. The fracture is 
small coDchoiaal, and the absence of any distinct cleavage is 
noticeable, thns distinguishing it from halite. The material 
for analysis, after being carefully selected, was crushed and 
sifted to a nearly uniform grain, and separated by means of 
methylen iodide diluted with benzoL Nearly all of the 
material ranged in specific gravity within the narrow limits 
2493 and 2-506. The average of these determinations, 2-500, 
may be taken as the correct specific gravity, which is close to 
that given by Hidden and Mackintosh, 2-489. The material 
thus separated, when tested with acid, gave no effervescence, 
thus indicating perfect separation from hanksite. A few frag- 
ments, mostly hanksite, which were heavier than the product 
separated for analysis, effervesced with acids, hence failure to 
make a complete separation from hanksite undoubtedly 
accounted for the small percentage of Na,CO, recorded in 
Mackintosh's analysis. 

After completing the quantitative determinations of CI, SO, 
and Na,0, the constituents required by the formula as given 
by Mackintosh, a deficiency was noted in the analysis, which 
for a time proved very perplexing, but led finally to the dis- 
covery of another and rather unexpected constituent, namely 
fluorine. In recording the analysis, sufficient sodium has been 
taken to combine witn the chlorine and fluorine to form the 
molecules NaCl and NaF, respectively, while the remainder 
of the sodium is given as oxide. 

The results of the analysis are as follows : 
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The ratio of SO, : Na^O : CI : F approximates closely to 2 : 2 : 
1 : 1, and since the sodium (Na) recorded is just suflBcient to 
unite with the chlorine and fluorine, the formula of sulphoha- 
lite becomes 2Na2SO^.NaCl.NaF. Fluorine was weighed 
as calcium fluoride, and the purity of the product was proved 
by converting it into calcium sulphate. It is interesting to 
note the association of this mineral, having three acid constit- 
uents, with hanksite, which also has three acid constituents. 
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its composition, according to the investigation of Pratt,* being 
9Na,SO,.2Na,CO,.KCl. Although the presence of fluorine 
in sniphohalite was wholly unexpected and seemed at first sur- 
prising, the occurrence of that constituent in some mineral 
from tne Borax Lake locality is not to be wondered at. This 
important deposit of borax has been formed undoubtedly from 
fumerole or solfataric action, and it is well established that 
volcanic gases frequently give rise to fluorine as well as to 
boron, chlorine, and sulphuric acid compounds. 

Probably the name sulphohalite would not have been given 
to this mineral had its composition been correctly determined 
by Mackintosh; however, one would scarcely be justified at the 
present time in assigning a new name to the compound. To 
a certain extent van't Hoff and Saunders were correct in call- 
ing attention to the probable non-existence of the species, for, 
although the mineral in name and substance had an existence, 
a double salt of the composition 3Na,S04.2NaCl ascribed to 
sulphohalite is not known, and, apparently, cannot be made by 
artificial means. 

It is needless to speculate as to how Mackintosh, who was 
an experienced and careful worker, made an erroneous analysis. 
His determination of SO, was nearly correct, while, that of chlor- 
ine was four per cent too high. In one respect he certainly 
made a decided mistake, namely in not completing his analysis 
by determining the amount of sodium, for, had he done so, 
he probably would have noted a deficiency and this naturally 
would have led to the discovery of the missing constituent. 

Mineralogists certainly are indebted to Mr. Hidden for the 
discovery of this exceptionally beautiful and interesting mineral, 
while his eagerness to have the species correctly investigated, 
together with his generosity in supplying the necessary mate- 
rial have enabled the writer to carry on this investigation. 
Thanks also are due to Mr. Bement for the loan of his valu- 
able specimens. 

♦This Journal, lY, vol. ii, p. 133, 1896. 

Sheffield Laboratory of Mineralogy and Petrography, 
Yale University, New Haven, March, 1900. 
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Art. XLIV. — Some Phases of the Dakota Cretaceous in 
Nebraska; by Charles Newton Gould. 

[A paper read before the Nebraska Academy of Science, Dec. 1, 1899.] 

^N'ebraska is the home of the Dakota Sandstone. It was 
alon^ the bluffs of the Missouri River opposite Sionx City that 
Meek and Hayden first noticed the ledges of dark brown and 
red sandstone which formed the No. 1 of their now classic 
Cretaceous section of the Missouri River. This was as early as 
1853. The name Dakota is not from the State, but from the 
town of Dakota, the county seat of Dakota County, the north- 
eastern county in the State. The first fossil leaves collected 
by Meek and Hayden were from Nebraska. These were 
dicotyledons, the first of the magnificent series, comprising 
perhaps the most luxuriant fossil flora in the world. It was to 
Nebraska that the noted French geologists Capellini and 
Mareou came in 1863 when they made their celebrated collec- 
tion at Tekamah and Black Bird Hill. This collection, figured 
and described by Oswald Heer, the noted Swiss paleobotanist, 
forms the basis of all later Dakota paleobotanic literature. It 
was to Nebraska that Leo Lesquereux, " the Nestor of Ameri- 
can paleobotanists," came when he first studied the Dakota in 
the field. The type sections and many of the type species of 
fossil leaves from the Dakota sandstone are Nebraska's. 

Nevertheless, judged from the standpoint of exposures alone 
the Dakota in Isebraska is comparatively insignificant. The 
heavy mantle of Glacial drift and loess which covers the eastern 
third of the State in most places completely conceals the sub- 
jacent formations, including the Dakota. It is only in compara- 
tively small areas where erosion has removed the post-Cretace- 
ous deposits that the Dakota may be seen. Probably the entire 
area of visible Dakota would not cover a single county the size 
of Lancaster, while the country underlaid by this group com- 
prises more than a dozen counties in the east-central part of 
the State. 

The largest single area is south of the Little Blue River, 
near Endicott and Fairbury in Jefferson County, just beyond 
the line of Glacial drift. The second largest is probably Iron 
Mountain, a few miles southeast of Beatrice. With a few 
minor exceptions the remaining outcrops are isolated points 
along the bluffs of Salt Creek, the Platte River below Fre- 
mont, and the Missouri River from Omaha to Ponca. The 
eastern limit so far as known is near the towns of Odell, 
Holmesville, Bennett and Plattsmouth, and the western limit 
near Fairbury, Milford, Seward, Fremont and Ponca. The 

Am. Jour. Sol— Fourth Series, Vol. IX, No. 54.— June, 1900. 
80 
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area of outcrops is about two hundred and fifty miles long and 
on an average thirty-five miles wide, extending crescent-like 
through Fairbury, Beatrice, Lincoln, Louisville, Blair, Teka- 
mah, Decatur and Ponca. Dakota City, from which the group 
was named, is ten or more miles from the nearest bluff. 

For the most part the Dakota in Nebraska consists of rather 
soft reddish brown or gray sandstone, usually in ledges or 
lenses, imbedded between strata of more or less arenaceous 
clay shales. These shales greatly predominate, perhaps in 
most places comprising two-thirds to three-fourths of the entire 
thickness of the formation. In color they are whitish, or 
bluish with many strata of red or brown, caused, as in the 
case of the sandstone, by the presence of iron. The reason 
that the shales are usually so seldom noticed may be accounted 
for by the fact that they weather very readily and their out- 
crops are generally occupied by covered slopes. On the other 
hand, the relatively harder sandstone forms the conspicuous 
bluffs, mesas and escarpments which give to the I)akota region 
its characteristic contour. 

The clays and shales form an important economic phase of 
the Dakota. They have been excavated at several localities in 
the State, furnishing an excellent quality of brick, tile, etc. 
Endicott, Beatrice, Lincoln and Louisville in Nebraska and 
Sioux City and Sargeant's Bluff in Iowa are points from 
which clay for this purpose has been obtained. As the supph 
is practically inexhaustible and the quality exceptionally gooa, 
the Dakota clays promise to become an important economic 
factor. 

The sandstone is used for building purposes in a number of 
localities in the State. The entire line of outcrops from Sioux 
City to Kansas may be traced by the brown sandstone founda- 
tions of houses and outbuildings. As a general rule, however, 
large buildings are not constructed (»f the Dakota sandstone^ 
although at Endicott, Beatrice, Louisville and other places 
these may be found. The reasons for this are twofold ; first, 
the Permian or Carboniferous limestones, which are exception- 
ally line building material, are nowhere far distant ; and 
second,, the Dakota itself is not, as a usual thing, a first-class 
stone for building purposes. Kepresenting all degrees of hard- 
ness from loose sand scarcely cemented together to the hard 
brittle ironstone concretions, it is usually too soft to withstand 
erosion or too hard to be dressed. Ledges yielding suitable 
building stone are comparatively rare. 

At least one locality in the State furnishes a ledge of Dakota 
which is quite unique. About five miles northwest of Fair- 
bury, Nebraska, on Whiskey Run, near the home of Mr. 
Oberhelmen, is a ledge some three feet thick of an extremely 
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hard, fine-grained, quartzitic sandstone. The color is light 
gray becoming reddish on exposure. This qnartzite contains 
an abundant dicotyledonons nora, also some conifers, probably 
Sequoia. The ledge is quarried and makes an excellent build- 
ing stone, bat it is in bad repute among local stone masons, 
because of the fact that it is too hard to be dressed. It differs 
from anything seen elsewhere in the State except somewhat 
similar ledges found near the old mission on the Omaha Reser- 
vation and along the bluffs to the north, although quartzite 
bowlders similar in character are found in Saline and McPher- 
sou counties, Kansas. 

Another feature of the Dakota in Nebraska may be observed 
along the Platte River near Louisville and Cedar Creek. The 
lowest formations here exposed are the Upper Carbonifer- 
ous limestones and shales. Upon these the Dakota rests uncon- 
formably and the whole is covered as elsewhere by the loess 
and drift. The pre-Cretaceous erosion was not only very con- 
siderable but also very irregular. The hills of the old Carbon- 
iferous rocks upon which the Dakota was deposited were prob- 
ably higher and the hollows deeper than those in the same 
region to-day. It was in one of these eroded hollows, proba- 
bly the bed of an ancient Dakota river, that there was depos- 
ited an immense amount of coarse sand and gravel. This 
forms the gravel pits near Cedar Creek and Springfield. 

In the gravel bed a mile west of Cedar Creek a typical 
exposure may be seen. A spur from the B. ife M. railroad 
runs along the base of the hill up to the quarry. The lower 
fifteen or twenty feet consist of an extremely hard conglom- 
erate usually cross-bedded. The pebbles composing this con- 
glomerate are smooth, water-worn, usually white or yellowish 
quartz. They vary from the size of a w^alnut to a very fine 
sand. This part of the ledge is not quarried, but forms the 
floor of the portion above, which is removed. 

The upper part consists of similar material with the impor- 
tant difference that it is much more loosely cemented. The 
f)ebbles are usually somewhat smaller and there are some 
ayers of rather fine sand and occasionally the characteristic 
ironstone concretions which are always present in the Dakota. 
This second member is thirty to forty feet thick and is exca- 
vated for nearly a quarter of a mile along the side of the hill. 
In many places it is so loosely cemented that it is removed 
with a team and scraper, not even a plow being necessary to 
remove the material. The gravel is used for railroad ballast 
and the conglomerate, known locally by the expressive name of 
"peanut rock," is employed as riprap and filling material for 
bridges. 
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A number of fragments of fossil wood, including a limb 
some three feet in length, were found in the quarry, but no 
leaves have so far been discovered. 

If our theory that these gravel beds represent an ancient 
river bed be correct, it is not diflScult to understand that the 
conditions would have been favorable for the preservation of 
wood, and not for that of leaves, the latter requiring still- 
water lakes and lagoons for perfect preservation. Besides, the 
principle first enunciated by Leo Lesqnereux, that conditions 
which preserved leaves rarely preserve wood, and vice versa, 
has almost become an axiom in phytopaleontology. 

Above the gravel and sand is the line of Drift bowlders sur- 
mounted by the characteristic loess. This gravel bed has been 
described as belonging to the Glacial age. It is incompre- 
hensible that any one, who knew anything of the geology of 
the State of Nebraska and who had given the locality five 
minutes consideration, could place it elsewhere than m the 
Dakota. 

Perhaps the most important phase of the Dakota, from an 
economic standpoint, is the water supply. This formation is 
characteristically a water-bearer. From Oklahoma to Minne- 
sota along the entire line of outcrops are thousands of springs 
of soft water. This is especially fortunate in view of the fact 
that the region of the sandstone is particularly adapted to graz- 
ing. It almost never occurs that a pasture in the DaKota 
country is without a spring, and more often half a dozen will 
be found on a quarter section. Often these are of sufiScient 
strength to supply running streams. If this is not the case, 
the stockmen usually pipe the water into tanks in the field or 
feed lot. In not a few instances the water from a Dakota 
spring is piped half a mile or more, through the house, and 
into the barn lot, furnishing an inexhaustible supply for all 
purposes. Some of the most important of these spring in 
Jfebraska are Case's and Price's springs near Endicott ; Kob- 
inson's spring, four miles southeast of Beatrice, and the hun- 
dreds along the bluffs of the Missouri River from Omaha to 
Ponca. Tliese may be seen everywhere along the celebrated 
bench road at the foot of the bluffs. Golden spring, between 
Tekamah and Decatur, runs a stream half as large as a man's 
body, and numerous others are nearly as large. 

A formation which yields such springs could scarcely fail to 
furnish good wells, and such is the case with the Dakota. 
Wells begun in the superjacent strata usually find an abundant 
supply of water when they reach the sandstone. The prob- 
lem of water supply of eastern Nebraska is easy of solution, 
if one has as a key, a knowledge of the Dakota sandstone. 
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The origin of Dakota water is a mooted question. Some 
authorities look for the source of sapply in the Dakota out- 
crops along the eastern slope of the JRockj Mountains. They 
would consider the water artesian, and argae that deep wells 
over the central part of the State should tap this supply and 
furnish artesian water. This theory seems quite tenable, but 
in practice it remains to be proven. That it will not account 
for all Dakota springs is demonstrated by the fact that in 
several instances some of the best springs issue from isolated 
buttes, cut oflE by erosion from the main body of the Dakota. 
It seems more probable that much of the water sapply comes 
from local rainiall, although until the artesian theory is either 
proven or disproven we may well continue to look farther 
awjay for a part of the supply. 

TTie most interesting point connected with the Dakota, from 
the standpoint of pure science, is of course the fossil leaves. 
Few formations in the world have yielded so many species. 
Of the nearly five hundred forms known to exist, Nebraska 
furnishes a large per cent. Numerous localities are known to 
yield leaves. The best collecting ground so far discovered in 
Nebraska is five miles south of I]ndicott, Jefferson County, 
and near Decatur, Burt County. Very little systematic work 
has been done on these leaves for a number of years, but at 
the present time the collections of the past summer are being 
studied in the department of Geology in the University of 
Nebraska, and it is expected that a detailed report on the 
subject will shortly be published. 
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Art. XJjY. ^-The Geothermal Gradient m Michigan ; by 

Alfred C. Lane. 

1. A WELL has recently been snnk in Bay City to the depth 
of 3,508 feet. I have had various tests made, and a man 
watching it most of the time. The temperature tests were 
made with Green's self-registering maximum thermometers 
by Prof. C. A. Davis, of Alma College, resulting as follows: 

No. of instru- Calculated 
Depth.. Reading "F. Time Exposed. ment Temperature. 

3,455 97** 8 hours 5688 97'3° 

2 934 P^*^° ^^^^'^ ^^^^i 89-48° 

9 9ftQ i '7'*° ^^ minutes 5688 j ^ .o 

^'^^^ ^77-° 6690 f ^^^ 

1,793 71-'' 50 minutes 4708 72 37 

1,304 66-° 1 hour 4708 65*03 

It is to be regretted that all the work could not be done with 
one thermometer, but two were lost by accident. Still we 
have some valuable results. 

The average mean temperature of Bay City* is about 45*5° 
and in the early salt well at Saginaw, only ten miles away, a 
strong flow of slightly saline water had the temperature of 
47° at a depth of 102 feet, at 293 feet the temperature of the 
flow was 50°, at 531 feet 51°, at 617 feet 54°. These latter data 
agree in pointing to a mean surface temperature of 45*5° with 
an error of not more than half a degree. We obtain then, for 
the mean gradient to 3,455 feet, 1° F. in 67*07 feet or very 
nearly 3° F. in 200 feet, or 1° C. in 36-8 meters. We can 
very nearly express the gradient by the formula 0*015(fi?— 102) 
=^—47, {d) beingthe depth in feet from the surface and{0 
the temperature JFahrenheit, and from this formula the last 
column of the table is calculated. 

It will be noticed that while the agreement with the formula 
is close at 3,455 and 1,304 feet, at 2,282 and 1,793 feet the 
observed values are low, which result seems to be a sign that 
at those depths the thermometers were not left down long 
enough. 

Let us compare with other points. The temperature of the 
Midland brine from a depth of 1,205 feet has a temperature 
of 62*5° F., which agrees exactly with a gradient of 1' F. in 
67 feet from a mean surface temperature of 44*5° F., which is 
that of the place. 

The Alma well temperature of 98° at 2,863 feet gives a 

* See Water Supply paper No. 30, U. S. G. S., Fig. 4. 
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higher gradient, but the chances are it was taken with a ther- 
mometer not reliable, and perhaps before the heat of drilling 
had been dissipated. In case of the Bay City well the weU 
had been idle from January 18 to April 13, 1900, the date of 
the tests, and had gradually filled with a strong heavy brine 
which was slowly leaking in from the bottom measures when 
they stopped. 

At Alpena flowing wells drawing their supplies, probably, 
mainly at 698 to 711 feet, and certainly below 588 feet, 
have a temperature of 53°. The mean surface temperature 
is about 42°, and the gradient about the same. 

At Frankfort two wells with strong flows giving off H,S 
freely, the one 2,200, the other 1,800 feet deep, have tem- 
peratures of 56° and 54° F. respectively, but the water is said 
to come in about 800 feet down. There are reasons for believ- 
ing that the water comes from the Corniferous, and it is pretty 
certainly not from the drift and must come more than 570 feet 
down. The mean annual temperature is about 44°, so that the 
gradient is a little less than heretofore, probably about 1° in 
80 feet. 

The gradient thus indicated is much lower than that found 
by Darton, but quite comparable with those found by W. 
Hallock in the Wheeling boring in similar strata. 

2. If, however, we turn to the Upper Peninsula we have a 
region notorious for its low thermal gradient. I will not try 
to summarize all the data collected by Wheeler, Agassiz and 
others, but merely say that around Calnmet from a mean sur- 
face temperature of 40° F. the temperature rises to about 
84° F. at 4,400 feet, almost exactly 1° F. in 100 feet.* This 
gradient is probably not confined to the Copper Country. 
Some not wQvy accurate tests which I made in the Vulcan Mine 
on the Menominee range (with a cheap thermometer, after- 
ward compared with a better) gave 56° at a depth of 1,210 
feet. A heavy flow of water (as P. Larrsen, C. E., informed 
me) 80 to 90 feet below surface was at 44° F. Tliis gives a 
gradient of 1° in 94 feet. 

3. The causes of the low gradient of Keweenaw Point have 
been discussed, and various explanations of variation of gradi- 
ent suggested, at which we will glance, although I do not think 
we can decide until Darton has finished his work upon the 
thermal gradient all over the United States, which is the most 
pertinent. We may, however, throw out some explanations as 
incorrect, and we can confirm also the acute observation of 
Darton that the gradient is lowest over the older rock. 

* Any data widely different from this are locally affected and not to be used. 
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4. Appeal has been made to the cooling eflEect of Lake Supe- 
rior on the flanks of the Copper Range. 

But draw a section across the point to true scale. Then 
remember that the bottom of LaKe Superior is barely two 
degrees cooler than the mean temperature of Calumet. Con- 
sider that B. O. Peirce* has shown that in a disk six to ten 
times as broad as high, any change of temperature on the sides, 
so long as they are between the constant temperatures of the 
top and bottom, will hardly aflEect the axial temperatures. We 
shall be convinced that this is not an efficient explanation. 

5. It has been assunaed that the very low geothermal gradi- 
ent was the normal one and the higher due to local chemical 
action, oxidation of pyrite, etc. But we should expect in such 
case sharper local irregularities from bed to bed than we have, 
and if oxidation of pyrite, or gas, or oil, were the causes of higli 
gradient, there is no little of both in the Lower Peninsula of 
Michigan. 

6. The effect of deposition as such would be to depress a 
given temperature below the surface and lower the gradient, 
and that of erosion to raise it. Bat the lower gradients are in 
regions of erosion rather than of recent or great deposition. 

7. I have seriously considered the possibility that the refrig- 
eration of the ice age was still perceptible. If for instance 
the mean annual temperature during the ice age was 18® F. at 
Calumet for a very long time, so that the gradient was adjusted 
to that temperature even down to a mile or more, then for a 
gradient of 3° in 200 feet the temperature would become 84°. 
Then if at the end of the ice age, so recently that the surface 
change of temperature was still unfelt a mile below, the mean 
annual temperature rose to 40° F., the gradient would be only 
what it is now, — 1° F. in 100 feet. It would be very interest- 
ing if we could find the cause of the abnormal gradient here, 
for we could then compute the time since the ice age. Unfor- 
tunately lines of equal geothermal gradient are not, as this 
theory would require, parallel to the successive lines of the 
retreating ice front (?). 

8. Prof. B. O. Peirce suggests that an inclined band of very 
conductive rock might lead the heat off along it sideways and 
thus make very low gradients along it. This was in informal 
talk with me. For instance, the iron -bearing series might be 
supposed to underlie the copper-bearing series, and lead off the 
heat under the bottom of the lake, where it might be dis- 
sipated by convection. Unfortunately like so many previous 
suggestions, the facts we have now to study do not support 
this suggestion. A cross section to true scale must be used. 

* Proc. Am. Acad, of Art and Sciences, Aug. 1898, p. 1. 
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). Differences in conducti vity may be appealed to to account 
• differences in gradient. We shall have a low gradient in a 
>d conductor above a poor conductor, and a nigh gradient 
a poor conductor above a good conductor. Water is a 
3rer conductor than most rocks. Air is vastly poorer. Hence 
J less porous the rock the better the conductivity, other 
Dgs being equal. 

[ trust we may soon have data as to conductivity which will 
ible us to test the possibilities along this line better than we 
L at present. It seems likely that the younger rocks are in 
aeral less condensed, more porous, and on the whole poorer 
iductors than the older rocks, especially the crystallines. 
d might therefore expect that Keweenaw Point and the 
chean area of the Upper Peninsula, where heat had been 
>wed to escape more freely from a very early date through 
>re conductive rocks, might show a lower gradient than an 
la in which the rocks were not so conductive, 
[nasmuch as the gradients are inversely proportional to the 
iductivity, and JPeirce's experiments sliow that whereas 
rbles vary in conductivity from 0*005 to 0*007, glass has a 
iductivity of 0*002 to 0*003, and the difference in conduc- 
ity amounts to about a fifth between wet and dry rock, we 
ire here not only a true cause of different gradients, but one 
it may well be effective, well worthy of farther experimental 

The next two suggestions may be considered as variations 
the same theme, in which, however, the flow of heat is not 
ilecular, but in a larger way, the net effect being the same. 
LO. Circulating waters are known to be a factor in affecting 
It gradients, as the Comstock Lode. In particular at the 
iter of an artesian basin like that of Lower Michigan, the 
idency will be for water to work up by joint planes, or any 
ler crevices. If it emerges hot it may naturally produce a 
ep gradient above it, if it assumes an oblique course ; but on 
5 other hand, so far as such waters act in exhausting the 
res of heat from below, they would serve to increase the 
iductivity of the strata as a whole, so that any local increase 

fradient must be more than compensated for by a lower 
ient elsewhere, and this would be particularly on the ele- 
:ed margin of the artesian basin where the water was taken, 
1 down which it worked. 

The effect of the agency just described is, however, limited 
the rapidity of the circulation, and while the structure of 
jweenaw Point and some things about the alteration of the 
;ks favor the idea that downward circulation of water is the 
ise of the unusual coolness, on the other hand there is very 
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little water in the deep mines. Darton's researches may throw 
light on this. 

11. The transmission of heat by igneous rocks is different 
from that by water in that they do not first work down, being 
slowly heated up. Igneous intrusions will produce, or tend to 
produce, steeper gradients in rocks overlying them, and igne- 
ous outbursts or intrusions will produce lower gradients in the 
rocks through or over which they work. When, however, the 
igneous rocK has cooled off so as not to be above its environ- 
ment perceptibly, then the whole series will have temperatures 
lower than normal, owing to the freer and more rapid loss of 
heat thereby. 

This seems to me worth considering. Both Keweenaw 
Point and the Vulcan Mine are in regions in which there was 
intense volcanic activity in the dawn of the earth's history, so 
long ago that the local volcanic heat may be supposed to be 
entirely dissipated. But much heat must have been thereby 
taken from beneath. Hence the rate of increase should be 
low, as it is. The Lower Peninsula is not known to have any 
trace of volcanic activity. Hence its thermal gradient should 
be more nearly normal, as it is. For instance, it is nearly in 
accord with Hallock's West Virginia* observations. Any 
gneiss of the original crust should have a higher gradient, 
according to this theory, than any old cooled off granite massif. 

In conclusion, it seems likely that among the three causes 
(§§9 to 11) which seek the cause of low gradients in a more 
rapid conduction or convection away of the heat of the earth 
from the interior, the efficient causes of varying geothermal 
gradients will be found. 

* School of Mines Quarterly, xviii, Jan , 1897, p. 148. 
Geol. Survey of Michigan, Lansing. 
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Art. XLVI. — The Production of the X-Rayn hy a Battery 

Curre^it; by John Trowbridge. 

I HAVE lately completed the installation of a plant of twenty 
thoneand storage cells in the Jefferson Physical Laboratory. 
This gives me over forty thousand volts and a comparatively 
steady cnrrcnt through a large resistance. One of the most 
interesting questions in relation to this battery was the possi- 
bility or impossibility of producing the X-rays in an eflScient 
manner by means of it. This question has been answered in 
the affirmative, for the rays are produced with the greatest 
brilliancy ; and it is possible to take photographs of the usual 
subjects which lend tnemselves to this method of study. The 
negatives show great contrasts and there are traces of shadows 
of the ligaments and the muscles. 

The great advantage of this new method of generating the 
rays is in the possibiOty of regulating the current and the dif- 
ference of potential which is necessary to excite the rays ; this 
is not possible by any of the other methods in present use. 
When the X-ray tube is first connected to the battery termi- 
nals no current flows; it is necessary to heat the tube with a 
Bunsen burner. At a certain critical temperature the tube 
suddenly lights with a vivid fluorescence and when the anti- 
cathode glows with a cherry red the rays are given off with 
great intensity. I employed a distilled water resistance of 
approximately four million ohms in direct circuit with the tube. 
The current, therefore, was not more than three or four 
milliamperes. It is an interesting spectacle to see the tube 
glowing in such a brilliant and noiseless fashion. 

Since such a large resistance was necessary with the use of 
forty thousand volts, it seemed possible to produce the rays 
with fewer cells. Indeed there is no difficulty in exciting 
them brilliantly with twenty thousand cells; and I see no 
reason why they cannot be generated by a much smaller num- 
ber if a suitable tube is obtained. 

Since I employed four million ohms in circuit with the 
X-ray tube, it is evident that there were no electrical oscilla- 
tions through this circuit. What is needed for the efficient 
production of the rays is evidently a current in one direction ; 
a current moreover of sufficient strength to raise the anti- 
cathode to a cherry red. When the anticathode rises to a 
white heat the resistance of the tube falls to such degree from 
the gases which are set free from the terminals and the walls 
of the tube that the rays are enfeebled. This change of resist- 
ance in the tube is a most important phenomenon. It is evi- 
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dently produced by the outcoming of gases which have been 
occluded in the metallic termiuals and on the glass walls of the 
tube. Dr. Rollins of Boston has lately described in the Elec- 
trical Engineer what seems to me a crucial experiment in this 
connection. Two Rontgen-ray tubes of the ordinary focus 
plane pattern were joined together by a cross connection which 
was at right angle to the axes of the tubes. The arrangement 
thus constituted a double Xray tube. This was exhausted to a 
high degree ; the same degree of rarefaction was present in 
both tubes. One of the tubes was then heated until a differ- 
ence of potential competent to produce a spark in air of an 
inch excited the X-rays with great brilliancy; at the same time 
a difference of potential giving a spark of eight inches could 
not excite these rays in the other connecting tube ; the same 
degree of vacuum, so to speak, existed in both tubes. The 

})henomenon of the occlusion of gases seems to be the control- 
ing one in the production of the rays and not the degree of 
exhaustion. With the steady battery current one can watch 
this phenomenon to great advantage. When the tube is heated 
to a certain critical temperature a blue cloud proceeds from one 
anode and is met by the cathode beam from the cathode. If 
the strength of the current is then gradually increased by 
diminishing the resistance in the circuit this blue cloud filfc 
the entire tube and the anticathode grows white-hot and the 
X-rays cease to appear. When the current is diminished the 
anticathode sinks to a cherry red, the blue cloud contracts and 
sinks into the anode and the X-rays come out with great bril- 
liancy. The disappearance of the blue cloud betokens a rise 
of resistance in the tube ; for the glow on the anticathode 
grows less and less, and presently if the current is not increased 
the tube is completely extinguished and a reheating is neces- 
sary. 

A steady battery current with an adjustable liquid resistance 
is indispensable, I believe, if we wish to study the best con- 
ditions for producing the rays. A storage battery of forty 
thousand volts enables me to try a wide range of voltage and 
current strength ; moreover the radiant point of the rays is less 
likely to produce ghosts. The tubes glow in a perfectly steady 
way and the degree of excitation of the rays seems to be under 
perfect control. The phenomenon of occlusion in an X-ray 
tube having such an important bearing on the subject of the 
passage of gases through a rarefied space, I was interested to 
trace the phenomenon trom a pressure one or two millimeters 
up to the X-ray stage. I used for this purpose an end-on tube 
of a peculiar construction. One end of the tube was blown 
out into a thin bulb through which the X-rays could be 
observed ; it was possible to heat this tube strongly so as to 
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produce a high state of exhaustion ; and, moreover, this form of 
tube was very useful in studying the electrical discharge by a 
spectroscope. When the tube was exhausted to the stratined dis- 
caarge stage and was connected to the terminals of the battery, 
the intensity and form of the stratifications could be changed by 
increasing or diminishing the strength of the battery current ; 
when this current was increased a blue discharge in the form of 
a stratification detached itself from the anode and joined the 
stratifications in the narrow portion of the tube. This process 
could be repeated until there appeared to be formed a species 
of stationary wave due apparently to the liberation of ffas 
from the anode meeting a cathodie liberation. When tne 
strength of the current is diminished the stratifications dis- 
appear in the terminals; more noticeably in the anode than 
in the cathode. This process can be traced to the X-ray 
stage. Since there is no electrical oscillation in the cir- 
cuit ; for I had several megohms in circuit, the molecular 
theory of bombardment together with the phenomenon of 
occlusion seem to be most important. The end-on tube which 
I employed was filled with hydrogen obtained by electrolysis 
from phosphoric acid and distilled water. The gas was passed 
through caustic potash and phosphoric pentoxide. Hittorf's 
resistance of iodide of cadmium in amyl alcohol will undoubt- 
edly be better than distilled water in quantitative experiments. 

Jefferson Physical Laboratory, 
Cambridge, May 15. 
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SCIENTIFIC INTELLIGENCE. 

I. Chemistry and Physics. 

1. On KryptoTiy and its place in the Periodic Series, — Import- 
ant results in regard to the new gas, krypton (this Joamal, ix, 
62) have been recently announced by A. Ladenburg and C. 
Kruegel. From 850 liters of liquid air they obtained 3 liters 
of evaporated residue in two Dewar flasks, which afterwards col- 
lected in large gasometers, produced 2300 liters of gas. This 
gas was freed from oxygen by passing over red-hot copper, and 
the nitrogen was removed from the remaining 120 liters by the 
method mentioned by Rayleigh and Ramsay for the isolation of 
argon. The last portions of the nitrogen were oxidized by spark- 
ing with surplus oxygen over soda-lye, and the remaining oxygen 
was absorbed by pyrogallol and soda. Three and a-halt liters of 
dried gas were finally obtained, which were condensed in liquid 
air to a colorless liquid containing a small number of floating 
colorless crystals. By fractional evaporation, between the tem- 
perature — 189° and —147°, several residues were obtained. 
These proved to be mixtures of argon and krypton, except the 
last, which was a crystalline body melting at about —147°, and 
giving a strong krypton spectrum in which the lines D^ (586'9/ifi) 
and the green line (558'1/x/x) were brilliant, like hydrogen lines. 
A careful study of the spectrum led to the conclusion that the 
substance was nearly pure krypton containing very little argon ; 
the fact of its being a crystalline body also shows that it was 
probably not a mixture. The density obtained was 58*8, and it 
is inferred that the new group of elements in air should be placed 
before Group I in the Periodic Series, as follows: thus He (=4) 
before lithium; Ne(=20) before soda; A(= 39) before potas- 
sium; and finally Kr (= 69) before copper. — Berlin Acad, Sci. ; 
Chem, News, Ixxxi, 205, May 4, 1900. 

2. A new Sulphide of Arsenic, — Alexander Scott shows 
that if a dilute solution of arsenic acid be mixed with a small 
amount of phosphorus trichloride, and later sulphur dioxide be 
poured in, alter a certain length of time a dark brown precipitate 
IS obtained, which on analysis proves to be a sulphide of arsenic 
having the composition As^S. This requires 12*45 per cent of 
sulphur. Analyses of different samples gave 12*7 to 13*6 per 
cent, the excess being due to the difficulty of removing every 
trace of the arsenious sulphide present. The behavior of this 
substance proved conclusively that it was a definite compound 
and not a mixture. It is insoluble in solutions of ammonia or 
colorless ammonium sulphide, but dissolves rapidly in yellow 
ammonium sulphide, and from the solution, arsenious sulphide is 
precipitated on the addition of excess of hydrochloric acid. Heat 
resolves it into realgar, which sublimes, and arsenic, which 
remains behind. It was at first supposed to be identical with the 
black sulphur of Berzelius, but this contains only 4*33 per cent of 
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salphur and correspoDds to tbe formula As,,S. — J, Chem, ^oCy 
Ixxvii, 651, May, 1900. 

3. JRelative rates of Elusion of Argon^ Helium^ and some 
other gases, — Prof. Ramsay and Dr. Collie have found that 
argon and helium diffuse through a plug into a vacuum with 
velocities which are higher when compared with a standard gas 
such as oxygen, than those calculated according to the law of the 
inverse square root of the density. F. 6. Donnan seeks to ascer- 
tain the relative rates of flow of these gases through a small hole 
in a thin-walled partition. The results obtained were as follows : 

(1.) Argon is found to effuse, when compared with oxygen, 3^ 
per cent faster than as calculated by the law oi' the inverse square 
root of the density. This result is independent of any masking 
effect due to viscosity. 

(2.) This result is m qualitative agreement with the adiabatic 
theory of the efflux of ideal gases, and is, if this may be granted, 
a confirmation of the high specific-heat ratio of argon. « 

(3.) When the viscosity effects are eliminated or allowed for, it 
is tound that hydrogen, oxygen and carbon monoxide effuse rela- 
tively in the manner predicted by the theory for ideal gases pos- 
sessing the same, or nearly the same, specific-beat ratio. 

(4.) Carbon dioxide, when compared with oxygen, appears to 
efiuse about 1 per cent faster than is calculated from the densi- 
ties. This result is not in accordance with the adiabatic theory 
of the efilux of ideal gases. 

(5.) The results obtained for helium are not uniform, and are 
affected by a viscosity correction depending on an empirical 
formula. They are sufficient, however, to show that the behavior 
of helium is unlike that of argon — a result which is not foreseen 
by theory. 

(6.) If account be taken of the deviation of ordinary gases from 
the ideal laws, it is possible to obtain an expression lor the efflux 
which contains a correction term involving the constant K of 
the Joule-Thomson effect. 

(7.) The sign of this correction term shows that a veal gas will 
effuse more rapidly or more slowly than an ideal gas of equal 
density and specific heat ratio according as K is positive or nega- 
tive. 

(8.) The suggestion is made that possibly the anomalous results 
obtained with carbon dioxide and helium may be thus explained. 
The deviations of the observed results from the results calculated 
for an ideal gas are, in the case of CO,, in qualitative accordance 
with the theory proposed. In the case of helium they would be 
80 if that gas possessed a negative K. — Phil, Mag.^ May, 1900, 
pp. 423-446. J. T. 

4. Transmission of the radiations of Radivni through bodies, — 
In the course of an investigation on this subject H. BECi^UEREL 
shows that the absorption of these radiations increases with the 
distance of the absorbing body from the source of the rays. The 
absorption is doubtless due to the air path. — Cotnptes HenduSy 
April 9, 1900, pp. 979-984. j. t. 
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5, The new Radio-active JSiibatancey Actinium, — A. Dbbibbne 
gives a detailed account of his method of extracting this sab- 
stance from pitchblende. The new sabstance produces fluores- 
cence, photographic impressions, ionization of gases. — Comptes 
RenduSy April 2, 1900, pp. 906-908. j. t. 

6. Influence of temperature on the potential/all in rarefied 
gases, — An important paper on this subject by G. C. Schmidt 
gives a detailed account of the methods of work and the appa- 
ratus. The Geissler tubes were excited by a storage battery of 
1000 cells, the current of which was regulated by a liquid resist- 
ance. The following results were obtained : 

(1.) Both at constant pressure and with constant gas density, 
the unstratifled light breaks up into stratifications with increas- 
ing strength of current, and with higher temperature and strong 
current the positive light retreats to the anode and finally the 
discharge becomes dark. 

(2.) With increase of temperature of the anode the Glimm- 
licht extends farther and farther with small pressures. The 
increase of temperature has the same effect as increase of current 
strength. 

(3.) The gradient in the positive light portion of the tube is 
independent of the cathode fall. 

(4.) The gradient in the positive unstratified light with con- 
stant gas density, independent of the temperature. 

(5.) With heating under constant pressure the gradient dimin- 
ishes in the positive unstratified light and more slowly than the 
gas density. 

(6.) The cathode fall is, so long as the cathode is still not 
wholly covered, and is nbt heated to a white heat, independent of 
the temperature. 

(7.) If the current is increased, after the cathode is already 
wholly covered, the cathode potential increases, and in proportion 
with the current strength. 

(8.) With increasing current strength the gradient increases 
with the dark discharge. 

(9.) With constant gas density the gradient increases with the 
temperature at the state of dark discharge. 

(10.) With constant pressure the gradient diminishes with the 
temperature during the dark discharge. 

(11.) The gradient diminishes from the anode to the cathode 
during the dark discharge ; and it is nearly proportional to the 
distance from the cathode. 

(12.) With increasing temperature the whole potential dif- 
ference between the electrodes diminishes at first slowly and then 
quickly. It reaches a minimum and then begins to rise. 

(13.) The minimum of the potential lies with one and the same 
tube at so much the lower temperature as the initial difference of 
potential is lower. 

These results have an important bearing on the conditions of 
excitation of X-ray tubes. — Ann, der Physik,^ No. 4, 1900, 625- 
647. J. T. 
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7. Les Sucrea et Uurs principaux Derives ; par L. Maqubnne, 
^rof. au Maseam d' Histoire Naturelle. Pp. 1032. Paris, 1900 
Greorges Carr^ et C. Naud, 3 Rue Racine). — The most important 
lata relating to the classification, constitution and properties of 
he various sugars are lucidly and very exhaustively presented in 
hiR work, which is a real contribution to the literature of the 
^ery interesting material it discusses. £. f. b. 

8. A lextrSook of Physical Chemistry ; by Dr. R. A. Leh- 
cELDT, Prof. Physics at the East London Technical College. 
jondon, 1900 (Edward Arnold, 32 Bedford street). — Within 
he compass of three hundred octavo pages the author has pre- 
ented the facts of his subject in a clear and concise manner ; 
pving to the student what he may usefully read, as well as a 
tore of information which will be heartily welcomed by him if 
16 is at all interested in the " rise of the science as an independ- 
mt subject." e. f. s. 

9. Lsxikon der Kohlenstoff-Verhindungen ; von M. M. Ricn- 
'EB. Hamburg und Leipzig, 1900 (Verlag von Leopold Voss). 
—The attempt is made in this volume, which gives the empiric 
ormalas of 67,000 derivatives of carbon, to combine the ele- 
aents successively in the frequency of their occurrence with 
arboD, as follows : H, O, N ; CI, Br, I, F ; S, P ; all others being 
ilaced in alphabetical order : A-Z. The arrangement is based 
primarily on the number of carbon atoms, and then on the num- 
ber of elements which are present with carbon in the compounds. 
t is believed that this arrangement will aid very materially the 
esearch student and others who are frequently obliged to ascer- 
ain quickly and briefly the characteristics of, and to examine the 
iterature relating to, any one carbon derivative. It is certain 
bat the author's comprehensive compilation will be highly appre- 
iated by every chemiHt. e. f. s. 

10. Jenaer Glas und seine Vertcendung in Wissenschaft und 
rechnik ; von Dr. H. IIovestadt. Pp. 429, 8vo. Jena, 1900 
Verlag von Gustav Fischer). — This considerable volume is a 
ompendium of nearly all that has been written concerning the 
istory, physical and chemical properties, and applications of the 
amous products of the glass manufactory of Schott & Co. of 
ena. Most of its contents has already appeared in various 
>umals and proceedings of learned societies, but a collection of 
his work into. a single volume not only renders it far more con- 
enient of access but it must come to all readers as surprisingly 
resli and, above all, surprisingly extensive. 

A brief notice of the chapters which deal with questions not at 
11, or but remotely, connected with optics may conveniently pre- 
ede a somewhat fuller review of the achievements which the 
ew glasses have rendered possible to the practical optician. 

Chapters vii and viii are devoted to the mechanical and thermal 
roperties of glasses. Their topics range from questions of 

Am. Joub. Soi. — Fourth Series, Vol. IX, No. 55.— June, 1900. 
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density and elasticity to a consideration of the choice of materials 
for various commercial uses. Chapter ix treats of thermal and 
elastic alterations which depend upon the recent history of the 
substance in question ; this includes a discussion of the best 
materials for thermometers, a field in which, as is well known, 
extraordinary improvement has been attained. Chapter x is 
given to the chemical behavior of the surfaces of the various types 
of glass. Chapter xi contains a discussion of the electrical and 
magneto-optical properties of glasses, including a description of a 
glass designed for maximum transparency for Rontgen rays. 

Turning to the portion which treats more particularly of opti- 
cal questions, we find in the first chapter an interesting history of 
the investigations undertaken by Dr. Schott with the direct aim 
of exhausting all possible means for varying the range and 
improving the properties of optical glasses. This is followed by 
chapters reviewing the optical constants of the large number of 
products thus secured ; treating of the history and advantages of 
Abbe's remarkable invention of the apochromatic microscope ; 
the improvements in the photographic camera objective directly 
consequent on the enlarged range of materials at the command of 
the modern optician, and, finally, in Chapter vi, the general dis- 
cussion of telescopes. In the last a description of the successful 
application of Porro's ingenious invention of the inverting prism 
to binoculars by the Zeiss firm is of interest ; but undoubtedly 
the scientific optician will turn with the liveliest interest to that 
section which treats of the promise of improvement of the astro- 
nomical telescope. Here, it must be confessed, disappointment 
awaits us. It is true that a combination of phosphate crown and 
borate flint is shown to yield a binary objective of greatly dimin- 
ished secondary color aberration, but the mechanical and chem- 
ical properties of these varieties of glass quite preclude their 
employment in large lenses. A combination of apparently unex- 
ceptionable crown and flint glasses is highly praised by Prof. 
Wolff as practically free from secondary color as far as the eye 
can recognize, but as the excessive ratio of focal length of 21/1 
is requisite in order to sufficiently reduce the chromatic difference 
of spherical aberration even for a telescope of about eight inches 
aperture, the real gain is problematical. Large telescopes of 
triple combinations are probably still less promising, not only on 
account of excessive length but also from more pnmeroas reflec- 
tions, increased absorption, and enhanced cost. It is somewhat 
remarkable that a binary combination described in this Journal 
for April, 1889, is not alluded to here, for it is without doabt 
from all practical standpoints the most efficient double objective 
yet constructed. This readily admits of the ordinary ratio of 
length to aperture and has been in continuous use since its inven- 
tion ; but it is true that large objectives of its type are probably 
impracticable. c. s. h. 
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II. GfiOLOGY. 

1. Recent publications of the United States Geological Survey , 
Charles D. WALcorr, Director. The following volumes have 
recently been issued by the Survey : 

Nineteenth Annual Report. Part 11. Papers chiefly of 
a Theoretic Nature, Pp. 712; plates 172. This volume includes 
the following papers : By C. W. Hayes on the physiography of 
the Chattanooga District; by F. H. King and C. S. Slichter on 
the movements of ground water (this Journal, p. 157) ; by N. S. 
Shaler and J. B. Woodworth on the geology of the Richmond 
Basin, Virginia ; by L. F. Ward on the Cretaceous formation of 
the Black Hills, as indicated by the fossil plants (see p. 384). 

Part III. Economic Geology, Pp. 785 ; plates 99. Of the 
papers here included, that by T. Nelson Dale on the Slate Belt of 
Eastern New York and Western Vermont has already been 
noticed (p. 382). Other papers are by J. F. Kemp on the titan- 
iferous iron ores of the Adirondacks ; J. S. Diller on the Coos 
Bay coal-field, Oregon ; by G. W. Tower, Jr., and G. O. Smith, 
on the geology of the Tintic District, Utah ; by J. A. Taff, David 
White and 6. H. Girty on the McAlister-Lehigh coal-field, 
Indian Territory ; also an abstract of Monograph XXXVI by the 
authors. 

Part V. On the Forest Reserves. Pp. xv, 400; plates, 110; 
with Atlas. Mr. Henry Gannett is in charge of this division, and 
the publication of this volume is a new and admirable feature of 
the Survey work. Several papers on the forest reserves in differ- 
ent portions of the West are included, in addition to the general 
discussion by Mr. Gannett, Thus, one on the reserve in the 
Black Hills, by H. S. Graves ; on that of the Big Horn, by F. 
E. Town ; of the Bitterroot, by J. B. Leiber ; of Washington, by 
H. B. Ayres and M. W. Gorman, etc. The volume contains 
numerous excellent illustrations and is accompanied by an atlas of 
seventy-five colored plates. As a whole, it forms an exceedingly 
interesting discussion of a highly important subject. 

Twentieth Annual Rkpobt. Part I. Director's Report^ 
including Triangulation and Spirit Leveling, Pp. 551 ; plates 
2. This is noticed on p. 448 of the present number. 

Part VI. Mineral Resources of the United States^ 1898. In 
two volumes, viz.: Metallic Products, Coal and Coke, and Non- 
Metallio Products. These volumes give a striking proof of the 
activity of mineral industry in this country. The Department is 
in charge of Mr. David T. Day, who, with his assistants and 
various collaborators, has, as in former years, brought out the 
material with great fullness and promptness. 

MoNOGBAPHS. XXXn. Part II. Geology of the Yellowstone 
National Park, by Arnold Hague, J. P. Iddings, C. D. Walcott, 
T. W. Stanton, G. H. Girty, and F. H. Knowlton. Pp. 893 ; 
plates 121. Noticed on p. 297. 

XXXIIL Geology of the Narragansett Basin; by Messrs. 
Shaler, Woodworth, and Foerste. Pp. xx, 402; plates 31. 
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XXXIV. The Glacial Gravels of Maine and their Associated 
Deposits; by George H. Stone. Pp. xiii, 499; plates 52. 

XXXVI. The Crystal Falls Iron-Bearing District of Michi- 
gan, by J. Morgan Clements and Henry L. Smyth ; with a Chap- 
ter on the Sturgeon River Tongue, by W. S. Bayley, and an 
Introduction by Charles 11. Van Hise. Pp. xxxvi, 512 : plates 53. 
See p. 451. 

XXXVII. Fossil Flora of the Lower Coal Measures of 
Missouri, by David White. Pp. xi, 467 ; plates 73. 

XXXVIII. The Illinois Glacial Lobe, by Frank Leverett. Pp. 
xxi, 817; plates 24. 

[Of the above Monographs, those which have not already been 
reviewed, will be noticed in following numbers.] 

Bulletins. Number 157. The Gneisses, Gabbro-Schists, and 
Associated Rocks of Southwestern Minnesota, by C. W. Hall. 
Pp. 160; plates 27. 

Number 158. The Moraines of Southeastern South Dakota 
and their Attendant Deposits, by James Edward Todd. Pp. 171; 
plates 27. To be noticed later (also 157). 

No. 159. The Geology of Eastern Berkshire County, Massa- 
chusetts, by Benjamin K. Emerson. Pp. 139; plates 9. The 
author recognizes as of Paleozoic Age the following formations, 
viz.: Cambrian systeiii — the Becket gneiss, Cheshire quartzite, 
and the lower part of Stockbridge limestone ; Silurian system— 
the upper part of Stockbridge limestone, Berkshire schist, Hoosac 
schist, and the Rowe schist. 

Number IGO. A Dictionary of Altitudes in the United States 
(Third Edition), by Ilenry Gannett. Pp. 776. This edition is 
greatly enlarged, and the adjustment of altitudes is made to record 
the greater precision reached by recent re-survey of railroad 
profiles. 

Number 161. Earthquakes in California iti 1898, by Charles 
D. Perrine. Pp. 31 ; plate 1. 

Number 162. Bibliography and Index of North American 
Geology, Paleontology, Petrology, and Mineralogy for 1898, by 
Fred Boughton Weeks. Pp. 163. A useful index like the earlier 
issues of the same series. 

2. Ticentieth Annual Report of the United States Geological 
Survey, 1808-1899 ; Charles D. Walcott, Director. Part I. 
Director'* s Report inchidiny IViang^dation and Spirit Leveling. 
Pp. 551. — This volume containing the Director's report, and 
a paper on Triangulation and Spirit Leveling, is the first of seven 
parts which will constitute the twentieth annual report, giving 
the operations of the Survey for the year ending June 30, 1899. 
The appropriation for the year amounted to $818,760.02, and the 
work includes, in addition to the regular geologic work, the study 
of the forest reserves and explorations in Alaska. During the 
year a resolution was introduced in Congress providing for a 
Division of Mines and Mining in the United States Geological 
Survey. This was referred to the Director, and bis report regard- 
ing the proposed new Division of Mines and Mining is given in 
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detail. The general work and organization of the Survey is 
practically as it was in the previous year. Attention is called 
to the need for a new building for the Survey and better provi- 
sions for preserving the collections, both of the Survey and of 
the new Division of Mines and Mining. The following distribution 
of the work in Geology will indicate the extent of the operations 
of the Survey : 

In the New England region, the Shaler party was engaged in 
studying the geology of Cape Cod and Narragansett Bay dis- 
tricts ; the Emerson party was engaged on the Worcester, Marl- 
boro, and Blackstone quadrangles ; the Dale party on the Cohoes 
and Hoosick quadrangles of New York, and the Bennington 
quadrangle of Vermont ; the Wolff party completed the surveys 
of the Archean rocks on the northeastern portion of the Ben- 
nington quadrangle. Professor Wolff studied also the under- 
ground workings of the zinc mines at Franklin Furnace. The 
Williams party continued the study of the Paleozoic rocks of 
Maine, and certain igneous problems of the same region ; the 
Kemp party continued the survey of the Lake Placid and Ausa- 
ble quadrangles of New York; the Gilbert party continued sur- 
veys in northwestern New York, covering parts of Niagara 
County, 

In the Appalachian region, the parties at work were White, 
mapping the Pottsville series and Lykens coals, and other areas 
about Broad Mountain; Campbell, the Oceana (West Virginia) 
quadrangle; Hayes, at first in Nicaragua and Costa Rica, under 
detail by the Secretary of the Interior, and after June 3d in the 
southern Appalachians ; Bascom, mapping the crystalline rocks 
in the Philadelphia district; Keith, in the Cranberry and Chero- 
kee districts of Tennessee and North Carolina ; Van lliso, on 
Mount Guyot quadrangle of Tennessee. 

Clarke continued investigations of the Cretaceous and Tertiary 
in eastern and southern Maryland, and Darton in the District of 
Columbia, Maryland, and Virginia, in the Atlantic coastal plain 
region. 

The Interior or Mississippi region was explored by Van Hisc, 
in the iron- bearing districts of Lake Superior and Vermilion ; by 
Darton in South Dakota and Nebraska, in the Black Hills region; 
R. T. Hill in Texas, working on the physical geography prob- 
lems ; Vaughan also in Texas. The Taff party were at work in 
the Indian Territory, making surveys of the coal field ; Emmons 
in South Dakota, investigating the Black Hills region particu- 
larly, where an almost complete representation of sedimentary 
rocks from the Algonkian to the Tertiary was exploited. 

The Rocky Mountain region was explored by the Emmons 
party who, in Colorado, investigated the underground workings 
of mines in the vicinity of Kico. Whitman Cross was engaged 
in the San Juan Mountains of southwestern Colorado ; R. C. 
Hills in the regions of the Elmoro, Spanish Peaks, and Walsen- 
burg quadrangles of Colorado. Weed made geologic investiga- 
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tions in the Boulder quadrangle, the Helena quadrangle, and a 
reconnaissance trip to the Big Hole Basin, Gibbonsville, Idaho. 

The Hague party continued work on the Yellowstone Park 
monograph ; the Lindgren party on the Hailey, Boise, and Snake 
River regions of Idaho, and at the request of the Department of 
Justice, Mr. Lindgren made a detailed examination of Oracle 
region, in Pinal quadrangle, Arizona. 

The Pacific region was explored by the Branner party in the 
vicinity of Palo Alto, California ; and by Becker in the Mother 
Lode of California, until his work was interrupted by being called 
to special work in the Philippines. Lawson was engaged on the 
Mount Diablo quadrangle ; Turner on surveys in the Sierra 
Nevada regions of Yosemite and Mount Dana quadrangles^ 
Diller in the Bohemia mining region of the Blue River and Coos 
Bay coal-fields, and later in the Port Orford quadrangle. Smith 
in the Mount Stuart quadrangle, Kittitas County, Washington ; 
Russell made a geologic reconnaissance of the northern Cascade 
Range, Washington. 

Special investigations were continued in the glaciated regions 
of the United Slates by the Chamberlin party, and progress made 
in that field. 

Two parties were sent to the Alaska region ; one starting from 
Chilkat Inlet, along the northern side of St. Elias Range to the 
head of White River. The second party went down the Yukon, 
proceeding northward toward the Koyukuk River. 

Dr. George F. Becker was sent by the War Department to 
investigate aud report on the mineral resources of the Philippines. 
To Porto Rico Mr. R. T. Hill was sent for the purpose of inves- 
tigating the physiographic and geologic features of the island. 

Mr. Bailey Willis, as assistant to the Director in Geology, 
made a flying trip through the Western States, for purposes of 
conferring with geologists and preparing plans for future geologic 
work. He visited western Montana, Washington, and California, 
touching upon the fields under exploration by various parties of 
the Survey. 

The Director, during the field season, visited the Teton Forest 
Reserve in Wyoming, and made a geologic reconnaissance of the 
Belt Mountain area east of Helena, Montana. The result of his 
investigation of the regions south of the Yellowstone was a 
recommendation to the Government to annex that region as a 
public park, in order to preserve the game during the winter 
season, and also because of the grandeur and beauty of the natural 
scenery in Teton Reserve. 

The Division of Paleontology also covered a large field of 
work: Mr. Girty working on the Carboniferous collections from 
various localities ; Williams on the Devonian and Silurian collec- 
tions from Maine, Arkansas, and southern Appalachians ; Stanton 
on the Cretaceous of Texas and Kansas; Ward on the fost^il 
plants of the Cretaceous ; Knowlton on the Cretaceous plants of 
W ashing ton and other localities ; Dall on the Tertiary faunas oi 
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the Atlantic coast. Daring the year Professor O. C. Marsh died, 
and large collections of vertebrate fossils made by him were 
packed and removed to Washington. 

The Division of Chemistry completed 295 analyses daring the 
year. 

The Division of Hydrography made detailed examinations in 
Nicaragaa, along the Gila River ; in the Great Plains ; in the 
Black Hills region ; in Pennsylvania and Maryland ; in soath- 
western Colorado. Investigations pertaining to the work of this 
Division were carried on in nearly every state of the Union. 

The Division of Mineral Rcsoarces shows as active work as 
ever, and reports great increase in the prodact of the coantry 
during the year. The total increase of mineral prodacts, from 
1897 to 1898, was nearly sixty-seven millions, and reached the 
enormous figures of $697,273,907 in 1898. This total is the largest 
ever recorded for the United States, exceeding by over forty-nine 
millions the prodact for 1892. 

A concise summary of the development of the Topographic 
Division is given in the present report. The topography has 
been carried into all the states and territories, and about 27 per 
cent of the entire area exclusive of Alaska has been surveyed. 
The total area surveyed is about 800,000 square miles. The States 
of Connecticut, Delaware, Massachusetts, New Jersey, and Rhode 
Island, the District of Columbia and Indian Territory have been 
completely mapped. A detailed report is given of the amount 
already surveyed in each district, and the nature of the surveys. 

In the Forestry branch of the Survey, the following regions 
were investigated : The Flathead Reserve, Montana ; the Idaho 
portion of the Bilterroot Reserve ; the Mount Rainier Reserve of 
Washington; the Olympic Reserve of Washington; and Pikes 
Peak, Plum Creek, and South Platte reserves of Colorado. 

In the publication branch of the Survey, the year's work in 
photography reached a total of nearly 6,000 negatives, 18,000 
prints, and over 6,000 slides. The work of the editorial division 
completed the editing of 16,323 ]>ages of manuscript, and 11,316 
printed pages. There were completed and issued also 8 folios, 
Nos. 44-51, inclusive, and during the year 80 new map sheets 
were received, which, together with those on hand at the begin- 
ning of the year, make a total of 164 sheets. During the year 
104,665 volumes, 29,597 geologic folios, and 168,641 topographic 
maps were sent out, including those distributed under special 
Congressional enactments. 

The library of the Survey has reached a total of 144,370 entries, 
including books, pamphlets, and maps. 

This concise summary, gathered from the Director's report, is 
sufficient to indicate the very large dimensions of the work car- 
ried on by this important Government Bureau. w. 

3. 7%6 Crystal Falls Iron-Bearing district of Michigan ; by 
J. Morgan Clements and H. L. Smyth, with a chapter on the 
Stargeon River tongue, by VV. S. Bayley, and an Introduction, 
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by C. R. Van Hise. Monographs of the U. S. Geol. Survey, vol. 
XXXVI, pp. 548, 4to with 53 plates and maps.* Washington, 
1899. — The report and the accompanying map discussed in this 
volume cover an area of 1296 sq. miles, including the Crystal 
Falls, the Amasa, the Felch Mountain or Metropolitan and the 
Sturgeon River iron ore districts, of which the first two are at 
present productive, having shipped during 1898 a total of 325,814 
tons. The Metropolitan area was formerly also an important ore 
producer but in recent years the mines have not been worked. 
The ores are mainly non-Bessemer hematites and limonites. 

Geologically the district may be regarded as connecting the 
Marquette and the Menominee districts. It consists essentially 
of a broad area of Iluronian rocks enclosing two small oval areas 
of Archean schists and granites, and bordered on the east by an 
almost continuous stretch of similar rocks. The Felch Mountain 
and the Sturgeon River areas are two narrow tongues of the 
Huronian sediments extending eastward from the broad expanse 
of the Crystal Falls district into the Archean complex. 

Structurally the main portion of the district is a N.W.-S.E. 
set of folds, with a N.E.-S.W. series superimposed upon them. 
The Felch Mountain and Sturgeon River tongues are two narrow 
E.-W. synclines. 

In structure and lithology the Archean complex possesses no 
unusual features. Its rocks are biotite-granites and granite- 
gneisses, banded gneisses, mica-schists and hornblende schists or 
amphibolites. The origin of the mica-schists and the banded 
gneisses is not known. The other members of the complex are 
plainly igneous. They are cut by numerous basic and acid dikep. 

Between the Archean and the Huronian is a great basal con- 
glomerate best exposed in the Sturgeon River tongue. Here it 
occurs with an enormous development. It is a schistose recrys- 
tallized arkose containing many large pebbles and small bowlders 
of granite, gneiss and other Archean rocks. Although the con- 
glomerate is plainly sedimentary, it has suffered such deep-seated 
metamorphism that specimens of its finer portions can with diffi- 
culty be distinguished from specimens of many gneisses. 

The Huronian Group is divided, as in the other Lake Superior 
iron districts, into a lower and an upper division separated by an 
unconformity. Though definite proof of this unconformity is 
lacking in the Crystal Falls district, there is little doubt that it 
exists, since the strata of this district can be traced almost with- 
out break into the neighboring Marquette district, where they 
unquestionably constitute two unconformable series of formations. 

In the eastern part of the district the Lower Iluronian forma- 
tions are better represented than in the western portion. In the 

* An extract of this mouopraph appears under this same title as a part of the 
19th Annual Report of the U. 8. Geological Survey (Pt. Ill, pp. 1-161). It con- 
tains essentially the same discussion as is found in the Monograph with the excep- 
tion of that relating to the microscopical features of the rocks met with in the 
district. 
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Felcb Mountain district Smyth distinguishes the followinc^ : " The 
Sturgeon quartzite, with an average thickness of about 450 ft. ; 
the rtandville dolomite, with an average thickness of 750 ft. ; 
the Mansfield schisr, a mica-schist derived from some dlastic rock, 
with a thickness of about 200 ft., and the Groveland iron forma- 
tion, composed of two kinds of rock — one consisting of quartz, 
hematite and magnetite, and the other of an iron-amphibole with 
quartz and the iron oxides as associates (grtlnerite-schists). The 
quartz-iron oxide rocks are composed partly of clastic quartz and 
partly of crystalline silica. In this respect the ore-bearing mem- 
ber of the formation is intermediate in character between the 
crystalline ore-bearing member of the Negaunee formation in the 
Marquette district and the clastic ore-bearing beds at the base of 
the Isbpeming formation. The iron oxides are thought to have 
been derived from glauconite or iron carbonate deposited with 
the original sediments. 

In the western portion of the district the Lower Hnronian 
series is represented by the Randville dolomite, the Mansfield 
slate and a great thickness of volcanic deposits known as the 
Hemlock formation. The slate formation comprises gray wackes, 
clay slates, phyllites, cherts and iron ores, together with certain 
other rocks derived from these. Its maximum thickness is 1 900 
ft. and in it is the only productive Bessemer ore-producing mine 
in the district. 

The Hemlock formation consists almost exclusively of basic 
and acid volcanic rocks, both lavas and tuffs, and several varieties 
of crystalline schists derived from them. The thickness esti- 
mated from the dip is about 23,000 ft. but this estimate is regarded 
as excessive. The figures are thought to result from the presence 
of undiscovered reduplication of beds due to folding. The acid 
volcanics are rhyolites, the basic ores are basalts. The latter are 
largely pyroclastic, the former principally devitrified glassy lavas. 
Tbe basic lavas are characterized almost everywhere by a well- 
marked ellipsoidal structure. The ellipsoids vary in size from a 
few inches to 6 or 8 inches in diameter. They are usually ellip- 
soidal in cross section, and their longer axes are in the supposed 
direction of flow of the rock in which they occur. They may or 
may not be amygdaloidal. When amygdaloidal the amygdules 
are as a rule distributed through the ellipsoids, but on the whole 
the masses are more scoriaceous on the periphery than near tbe 
center. In exceptional cases the amygdules are on the upper sides 
of the ellipsoids. The matrix between the ellipsoids is often schis- 
tose, but at times it appears almost massive. Sometimes it is brec- 
ciated. This structure together with much of the spheroidal struc- 
ture described in basic lavas from other localities, is explained by 
Clements as due to the fact that the lava was originally of the 
aa form of the Hawaian volcanoes, and that it has since been 
metamorphosed under the influence of pressure. 

All of the lavas have been much altered since their eruption, 
in the zone of weathering the alteration has consisted largely of 
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calcification. At lower depths silicification processes predomi- 
nated.* 

The Upper Huronian beds in the western portions of the area 
consist of graywackes, ferruginous graywackes, micaceous, car- 
bonaceous and ferruginous clay-slates and their crystalline deriva- 
tives, and thinly laminated cherty siderite-slates, ferruginous 
cherts and iron ores. The extensive folding which the series has 
undergone, coupled with the intrusions of igneous rocks, has 
made crystalline schists from some of the slates and graywackes. 
Interlaminated with these schists are also some perfectly crystal- 
line hornblende-gneisses, that are supposed to have resulted from 
the metamorphism of intrusive sheets or interbedded flows of 
basic igneous rocks. Because of the scarcity of exposures the 
authors were not able to separate the Upper Huronian beds into 
formations. 

The ores in the Upper Huronian are non-Bessemer. They are 
associated with cherts, and together with these rocks form len- 
ticular bodies lying in the troughs of synclinal folds with 
impervious slate bottoms. 

Cutting through the Huronian sediments are various acid and 
basic intrusives which in the main are massive and possess the 
granular texture. Since they nowhere seem to be involved in 
the folding of the district it is concluded that they were intruded 
after the folding took place, and since many of them are very sim- 
ilar petrographically to the lavas of the Keweenawan series 
further north, ihey are correlated with the latter. The time of 
folding of the district is therefore placed at the beginning of 
Keweenawan time. 

Lithologically the intrusives are classed as biotite-granites, 
muscovite-biotite granites, metadolerites, metabasalts and picrite 
porphyries or porphyritic limburgites. The dolerites have meta- 
morphosed the Mansfield slates with which they are in contact, 
producing from them spilosites, desmisites and adinoles.f 

Near the town of Crystal Falls there is an extremely interest- 
ing series of intrusions ranging from acid granites, tonalites and 
quartz-mica diorites through diorites of intermediate acidity to 
basic hornblende-gabbros, gabbros, norites and various peridotites. 
It was not possible to determine which of these rocks most nearly 
resembles in composition the original magma of which the varioas 
types are differentiation products. It is known, however, that 
the hornblende-gabbro first reached its present position, and that 
in general the forces of differentiation were toward increasing 
acidity and increasing basicity. 

* Since the publication of this monograph the results of a detailed exami- 
nation of the Menominee district, which is more closely related to the Crystal 
Falls district than is the Marquette area, seems to show that the Mansfield slate, 
the Groveland formation and the Hemlock formation are all members of the 
Upper Huronian and that the Bessemer Mansfield ore is the equivalent of the 
Upper Huronian Bessemer ores of the Menominee range. The division between 
the Lower and Upper Huronian would, therefore, seem to be between the Rand- 
ville dolomite and the Mansfield slate. 

t Cf. this Journal, IV, vii, 81, 1899. 
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In his general in trod action to the volume. Van Hise calls atten- 
tion to the fact that while the Hemlock volcanics were being 
erupted in one portion of the district the Mansfield slates and the 
Groveland formation were being laid down in other portions, and 
that consequently the former is equivalent in part of the district 
to the last two-named formations in other parts. The History of 
the Crystal Falls district closely parallelizes that of the Marquette 
district, though the number of distinct formations recognized in it 
is smaller. 

In Chapter ii of Part II of the volume, Smyth presents an 
interesting discussion of the use of magnetic observations in 
mapping the distribution of magnetic formations and working out 
their structure. The chapter is an abstract of a paper presented 
at the Colorado meeting of the American Institute of Mining 
Engineers in September, 1896. It contains many points of great 
value to field geologists, especially to those who are engaged in 
the study of iron-ore regions, and it is extremely interesting from 
a theoretical point of view. 

It is unfortunate that the authors were so handicapped in their 
work by the lack of exposures, since some of their conclusions, to 
one unfamiliar with the region, appear to rest on insufficient data. 
But when we remember that they had the results of the work in 
the Penokee and the Marquette districts to guide them in their 
investigations, it would seem that their conclusions must in the 
main be correct. They have at least shown without any possi- 
bility of question that in the Crystal Falls district as in the other 
Lake Superior iron districts, the ores occur in Huron ian beds 
which are unconforraably above an older series of crystalline 
schists, and that the ores were deposited in pitching troughs as 
concentrates. Glauconite or some iron carbonate was the original 
source of the iron and descending waters were the agents of 
decomposition, transportation and precipitation. 

The volume is well illustrated with 14 maps and plates of geo- 
logical sections in the body of the book, two maps in a pocket, 
37 other plates, of which 27 are microphotographs and 24 figures 
in the text. 

4. Preliminary Rtport on the Cape Nome Gold region in 
Alaska ; by F. C. Schkadeb and A. II. Brooks. Pp. 56 with 
maps and illustrations. Washington, 1900 (U. S. Geological 
Survey). — The prompt way in which the United States Geologi- 
cal Survey comes forward with scientific information in regard to 
subjects of immediate interest to the public, has rarely been bet- 
ter shown than by this Report on the Cape Nome Gold Region, 
which is based upon observations made by Messrs. Schrader and 
Brooks, in October, 1899. It states that the bed-rock of the 
Nome district consists of more or less altered limestones, mica- 
schists, and gneisses. The rocks are closely folded and have an 
east-west strike. Mineralized quartz and calcite are common. 
The gravels are classified as gulch, terrace, and tundra gravels, 
those of the beach being closely related to the latter. The 
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presence of these terraces indicates that the entire region has 
been slowly elevated. The important gold deposits thus far 
exploited are the gnlch and beach placers. Grold is also known 
to occur in the bars of the larger rivers and in the tundra. Prob- 
ably the higher benches and terraces are also worthy of investi- 
gation by the prospectors. 

Although the occurrence of gold in sea-shore sands is not pecn- 
liar to this region, still the richness of the Cape Nome beaches is 
very remarkable ; i3,000,000 is given as the probable gold pro- 
duction for the region for 1899. 

The Report is accompanied by a series of maps and half-tone 
representations of the scenery of the coast, and closes with sug- 
gestions to those interested in regard to the special conditions 
involved in mining in this region. 

5. Frelimhiary Report on the Klondike Gold Fields^ Yukon 
District^ Canada; by H. G. McConnell, 2 plates, 2 figures, 
map, pp. 6-44, 1900. Geological Survey of Canada, No. 687.— 
This report was prepared tor the annual summary report of Geo- 
logical Survey Department, but is printed, separately issued, 
before the latter. It may be regarded as the first result of a sys- 
tematic and moderately detailed scientific examination of the 
district. 

The Canadian Survey has also issued the following maps of 
Cape Breton, Nova Scotia: 652, Cape Dauphin Sheet; 653, 
Sydney Sheet; 654, Glace Bay Sheet. 

Also, No. 685, Descriptive Note o?i the Sydfiey Coal Fields 
Cape Breton^ Nova Scotia^ by Hugh Fletcher, pp. 3-16, 1900. 

0. l\oenty 'fourth (and final) Anjnial Report of the Geological 
and Natural History Survey of Minnesota for the years 1S95- 
1898; by N. H. VVinchell, State Geologist, pp. vii-xxviii, 1- 
284, 1899. — The volume consists chiefly of notes on the rock 
specimens collected in the years 1896-1898, inclusive, a record of 
field work for years 1892-98, and a general index of the annual 
reports I-XXIV, 1872-1899. 

7. George Huntington Williams Memorial Lectures on the 
Principles of Geology. — It will be remembered that at the Johns 
Hopkins University a course of lectures, dealing with the princi- 
ples of geology, is provided from time to time by the generosity 
of Mrs. George Huntington Williams, in memory of her husband, 
the late well known geologist and petrographer, who died in 1894. 
This lectureship was inaugurated in 1897 with a course by Sir 
Archibald Geikie, who delivered in April of that year six lectures 
on The Founders of Geology. 

The second course has recently been given by W. C. Brog[ger, 
the eminent geologist, professor in the University of Chris- 
tiania, Norway. He delivered two lectures on The Principles of 
a Genetic Classification of the Igneous RocJcs^ followed by five 
lectures on The Late Geological History of Scandinavia, as 
shoxnn by changes of level and climate in southern Norioay since 
the close of the Glacial epoch. 
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These lectures were given between Wednesday, April 25, and 
Thursday, May 3. They were delivered in English and before 
good audiences ; a number of visiting geologists from Washington 
and elsewhere being present. In his first two lectures the speaker 
said essentially as follows, after referring to the particular cir- 
cumstances under which the course of lectures was given : 

There has been evolution in classification, from the early pre- 
Linnean and Linnean systems of botany and zoology to the nat- 
ural systems of the present day. Classification of petrography 
should (or will) follow the same course. In the case of rocks there 
is a constant effort to reach' a natural system, i. e., a genetic one. 
The aim of classification is to group objects by their essential 
characters. What are then the essential characters in rocks? 
Primarily they are geological bodies, and therefore their classifi- 
cation should be based on geological observations and geological 
relationships. Rocks produced by the same processes should be 
grouped together. The name diorite is essentially genetic be- 
cause the idea is implied that it is igneous, next because the place 
of consolidation is mdicated, and finally because it is understood 
that it must have originated primarily from the magma. 

The present system is founded largely on accidental characters ; 
thus, for example, minettes and leucite-basanites are chemically 
identical, but are separated and put in different families. The 
present system is not a natural but an artificial one, comparable 
to the Linnean system of botany. 

Petrographical classification began in 1811 with Hatly, and 
was based on mineral composition. This has predominated ever 
since and the consequence is that like rocks are separated and 
unlike put together, so for example the granites and granitites, 
augite-andesites and hornblende-andesites are separated, while 
nephelinite embraces many different rocks. A purely mineral 
basis is quite insufficient. In 1875 Lossing, in a memoir on the 
Bodegang in the Hartz, established the connection between quartz- 
porphyry and granite. This was of the highest importance. He 
showed that both were only structural modifications of the same 
magma, and therefore the structure was a function of the condi- 
tions of the genesis of the rock. Structure has since then been 
maintained by Rosenbusch and others as the main basis of classi- 
fication. Thus Rosenbusch's three main groups (abyssal, dike 
and eff'usive rocks) are well founded types, characterized by 
special structures. It is urged by opponents that this is purely 
hypothetical, but this is based on a misapprehension, for Rosen- 
busch's classification is not founded on hypothesis, but on geolog- 
ical observation of facts, which have been made once for all. 
Exact definitions are of course very hard to give, but this is 
always so in nature, where there are no sharp limits. While the 
same chemically, granite, quartz-porphyry and liparite are differ- 
ent structurally and genetically and a system of classification 
should express these differences. 
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Structure is very sensitive, and gives the history of a rock, 
either alone or with the help of geological observations. (The 
lecturer then spoke of different kinds of metamorphism, and 
showed that structure could distinguish between the different 
kinds.) The essential criterion of the various metamorphic rocks 
of granitic character is genesis, not structure or mineral compo- 
sition. There is a distinction between the cataclastic and pro- 
toclastic structures, the latter being a structure like cataclastic, 
but produced during solidification, and hence is primary. These 
should be distinguished in a system of classification. Structure 
only indicates that the rock has been pressed: geological observa- 
tion should do more, and indicate whether during or after solidi- 
fication. 

Classification must go back to geological observations as a 
fundamental criterion. 

In regard to the porphyritic structure it is believed that this 
indicates interrupted movement in the magma. 

The finer distinctions and splitting up of "sack (catch-all) 
names" will separate types now together. That it is possible to 
found a system of classification on abyssal, hypabyssal and effu- 
sive rocks is proved by Rosenbusch. For many years petrog- 
raphy was a science of specimens and thin sections, but it should 
be more than this and should be living. Of all criteria geolog- 
ical observation is first, since it gives the history and changes a 
dead science to a living one, showing evolution of one rock from 
another. 

In his second lecture the subject was continued essentially as 
follows : It is well known that rocks of different chemical and 
mineral composition occur together, so that they are genetically 
related. It is only within the last few years, from elaborate 
studies made by different petrographers, that an explanation of 
differentiation has been brought out. As the result of these 
studies the various kinds of differentiated masses may be classi- 
fied as follows : 

1. Composite dikes. 

2. Complementary dikes. 

3. Constitutional (e. g., marginal) facies. 

4. Connected occurrences (e. g., leucocratio with melanocratic 
rocks). 

5. Dike associations {Oanggefolge), 

6. Petrographical provinces. 

7. Original earth magma, from which others are derived. (The 
latter is probable, but the arguments in favor of it cannot be dis- 
cussed here.) 

Classification should be based in the first instance on chemical 
composition. Geological observations prove the essential connec- 
tion of the chemical composition of igneous rocks. The essen- 
tial features of classes 1-6 are geological and independent of 
theory. On these facts a system of classification should be based. 
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As geology cannot reach very far down into the earth, stocks 
and laccoliths (in a broad sense any large, deeply consolidated 
mass of magma) must famish our types. All rocks which can 
be referred to the same magma must belong to the same family. 

We have first to distinguish abyssal rocks, then marginal facies, 
then hypabyssal dikes and sheets (including diaschistic and 
aschistic,* in the former complementary types, in the latter main 
rock and salband), lastly flow rocks, palaeotypic and csenotypic, 
diaschistic and aschistic. 

Families with the same predominating metallic oxide should 
form one series. Thus there would be as the main families the 
potashy the Boda^ the lime and the magnesia series ; the alumina 
and iron rocks are doubtful because they are not known to occur 
as stocks or laccoliths. Further there are transition series, the 
potash-soda and the alkali-lime rocks. There are therefore six 
main rock families. As regards silica we should distinguish 
hyperacid, acid, intermediate, basic and ultrabasic. Thus as 
examples we would have 



Soda Family ■< 



Hyperacid. Soda-granite. 
Acid. Soda-quartz-syenite. 

Intermediate \ NeDheline-syenite. 

( Soda-syenite. 
Basic. Absent. 



Akerite. 
Nordmarkite. 
Foyaite. 
Laurvikite. 



Alkali-lime 
Family 



Adamellite. 
Banatitc. 
Monzonite. 
Essexite. 

Tonalite. 

Quartz-diorite. 

Diorite. 

Gabbro and Anorthosite. 



Hyperacid. 
I Acid. 

j Intermediate. 
(^ Basic. 

r Hyperacid. 

Lime Family I ^t'etmediate. 

^ Basic. 

The families are to be defined by the chemical composition of 
the main rock types, limits of course to be considered. The con- 
nection of aschistic types with abyssal rocks is well known, obvious, 
and not denied by any petrographer. All such aschistic struc- 
ture types should be referred to the related abyssal magma. This 
is generally believed and done. 

Diaschistic dikes should also be referred to abyssal magmas 
(rocks) from which they are derived. This will be the main diffi- 
culty with most petrographers. It is proved by geological obser- 
vation that they are consanguineous; South Norway furnishes 
excellent examples which have been studied and described. The 
relationships are very clear for the hyperacid, acid and basic fam- 
ilies; only the intermediate ones are difficult to decipher, such as 
those of the nepheline-syenites. 

The differentiated (e. g. dike) types can have quite different 
compositions (chemical and mineralogical) from the main type. 
This is quite analogous with the classifications brought out oy 

*For the explanation of these terms conf. Brogger Gronidit-Tinguait Serie 
1894, p. 166. 
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zoologists and botanists, as for example certain parasitic and 
other forms of animal life are grouped with particular families, 
though they differ in some essential respects, because it has been 
shown that phylogenetically they are related. 

The objection can be raised that these ideas are founded on 
hypotheses. It is thought that our present knowledge is insuffi- 
cient, but it should be pointed out that these are problems to be 
solved in the future, and that petrography is the same now as 
botany and zoology in the time of the Linnean system. 

The most important objection is that of Iddings, that different 
genetic rock families must include rocks of essentially the same 
character ; thus camptonites may occur with essexites or nephe- 
line-syenites. Classification must recognize this and Iddings is 
right in so far that rocks like the foregoing must have the same 
main name, thus essextite-camptonite and foyaite-camptonite. 
But even here the essexite-camptonite will differ from a foyaite- 
camptonite enough so that they may be distinguished. 

But rocks must not be studied as mere rock specimens. De- 
scription and classification are two different things, and the sepa- 
ration of petrology and petrography should be strongly ob- 
jected to. 

But every artificial system has had to give way in time to a 
natural one, and as in botany petrographers could have a " key " 
for identification, such as botanical text-books have. But the two 
are essentially and in reality different. Rocks should be studied 
as they occur in nature. 

Every separate rock of given chemical and mineralogical com- 
position should have its own name, but this is no reason for giv- 
ing up the attempt to determine and express genetic relationships. 

The definition and description of the different rock species 
is not here attempted. A very great number of names is neces- 
sary and they will increase. They are not to be stopped by 
any congress or popes of cjeology. We are only at the beginning. 
But even if names should be ten times as numerous as they now 
are, it does not matter, neither can it be helped since they are 
necessary. Botanists and zoologists have hundreds of thousands 
of names as arbitrary as those of petrography, while petrog- 
raphers have only a few hundreds to consider. If necessary we 
must make petrographical dictionaries, which must keep- pace 
with the names. 

Names now considered as type names will be found to be 
'* sack names." Species will be split up. This will grow out of 
the study of the relations of consanguinity, and most detailed 
descriptions are necessary to know the relationships. The many 
new names show that petrography is on the way from a pre-Lin- 
nean and Linnean system to a more advanced and natural one. 

The fear of the deluge of new names is one of the children's 
diseases which we shall soon escape. Michel-Levy's dream of a 
simple system of classification will never be realized. The 
detailed study of single occurrences is the real basis of petro- 
graphical classification and this will necessitate new names. 

U. S. WASHINGTON. 
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III. Miscellaneous Scientific Intelligence. 

1. American Association for the Advancement of Science, — 
The forty-ninth annual meeting of the American Association will 
be held at Columbia University, Morningside Heights, New York 
City, June 23 to 30, 1900. The Association headquarters will be 
located in Room 309, Schermerhorn Hall, Columbia University, 
where the register will be opened at 2 p. m. of Thursday, June 21. 
The hotel headquarters of the Council of the Association will be 
at the Majestic, Central Park and 7 2d street. The opening ses- 
sion of the Association will be held at 11 o'clock a.m. on Monday, 
June 25th, in the Gymnasium ; at this time the retiring President, 
Mr. 6. K. Gilbert of Washington, will introduce the Presi- 
dentelect. Professor R. S. Woodward of New York City. The 
address by Mr. Gilbert will be delivered Tuesday evening in the 
lecture room of the American Museum of Natural History. 

A circular giving the preliminary announcements in regard to 
the conditions regulating the admission of members and the 
presentation of papers ; also as to the times and places ot meet- 
ing of the Association and of the affiliated societies; hotel 
accommodations, railroad rates, excursions, etc., has been recently 
issued and copies may be obtained from Mr. L. O. Howard, 
General Secretary, Cosmos Club, Washington. For further 
information respecting local arrangements, transportation, hotel 
and boarding-house accommodations, application may be made to 
the Local Secretary, Professor J. McK. Cattell, Columbia Uni- 
versity, New York City. 

2. Report on the Petrified Forests of Arizona ; by Lester F. 
Ward, Department of the Interior, Washington, 1900. — The 
present report was made in compliance with instructions from the 
Director of the United States Geological Survey especially with 
reference to the proposition to set aside the region embracing the 
Petrified Forests as a national park. 

The Petrified Forest, or Chalcedony Park, or Lithodendron 
(stone tree) Valley, as it has been variously called, is situated in 
Apache County, Arizona, between the Little Colorado and the 
Rio Puerco, fifteen miles east of their junction, seventeen miles 
east of Holbrook, and six miles south of Adamana station on the 
Santa Fe Pacific Railroad. The area in which the fossil conifer- 
ous trunks are particularly abundant is about eight miles square, 
though at other points in the same Triassic terrane in Arizona, 
New Mexico and Utah, much silicified wood occurs. 

As the result of his visit during the preceding summer, Pro- 
fessor Ward fully confirms the various descriptions of the extent 
and wonderful character of the gigantic silicified Arizona forest. 
Its interest, moreover, is much enhanced by the fact that it is 
very old, probably of Triassic age. The great fossil forests of 
California and the Yellowstone Park are Tertiary and compared 
with those of Arizona of comparatively recent date; the latter 

Am. Jour. Scl— Fourth Series, Vol IX, No. 5 i.— June, 1900. 
32 
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being the only examples of snob ancient forests in tbis country. 
The destruction of this natural wonder, due to the piecemeal 
inroads of idle curio hunters and other more persistent and deter- 
mined despoilers, is becoming more apparent with each succeed- 
ing year, so that there is now considerable local sentiment in 
Arizona in favor of withdrawing the area in which the chief 
forest is situated from entry and making it a national reserva- 
tion. Professor Ward strongly favors doing tbis in a simple and 
inexpensive manner which be outlines. It is much to be hoped 
that Professor Ward's recommendation may be carried out. 

3. University of Tennessee Record, Number XI^p. 213-263. 
October, 1899. — This number, published by the University of 
Tennessee, contains a record of engineering work done in 1899. 
The leading article, by J. R. McCall, is on electric transmission of 
power in shops ; another article by W. W. Fulton describes an 
electric-recording river gauge. 

4. Neues Jahrbuchfilr Mineralogies Geologic und PalcBOfitologie, 
— In connection with the long-honored "Neues Jahrbuch " a Cen- 
tral'blatt fiXr Mineralogie, Geologic und Paloeontologie is to be 
issued, which shall contain short original papers, book notices, 
authors' extracts of papers, reports of Scientific societies, eta It 
will appear twice each month and will be sent free to subscribers 
to the Jahrbuch : to others at a cost of 1 2 marks. All workers 
in these departments will welcome this new publication, which 
while not interfering with the sphere of the Jahrbuch itself (e. g. 
in the direction of full abstracts), will make possible a much more 
prompt and complete publication of matters of immediate interest 

5. McGill University. — At the annual convocation of McGill 
University, held in Montreal on April 30th, the degree of LL.D., 
honoris causa was conferred upon George F. Barker, Professor of 
Physics in the University of Pennsylvania; Alfred T. Mahan, 
Captain U. S. Navy, and J. F. Whiteaves, F.R.S.C., of the Geo- 
logical Survey of Canada. 

6. K. K, Geologische Reichsanstalt. — A Jubilee meeting to 
commemorate the founding of the Geologische Reichsanstalt, in 
1849, will be held at Vienna on the ninth of June. 

OBITUARY. 

The Duke op Argyll, alike eminent for his philosophical 
writings on scientific subjects, and for his eminent services in 
public life — not the least in furthering the interests of science- 
died on April 24th, at the age of seventy-seven years. 

Professor A. Milne-Edwards, Director of the Museum of 
Natural History at Paris and one of the ablest of the recent 
zoologists, died on April 21st, at the age of sixty-four years. 

Joseph Bertrand, the able writer on Mathematics and Mathe- 
matical Physics, died at Paris, on April dd, at the age of seventy- 
seven. 
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